DATA PIPELINE SYSTEM AND DATA ENCODING METHOD 

This is a continuation-in-part: application or U.S. 
Serial No. (not yet known) filed February 2, 1995, which is 
a continuation application of Serial No. 03/032,291 filed 
June 24, 1993. This application claims priority from E?0 
Application No. 92305038.8 filed June 30, 1992, British 
Application No. 9405914.4 filed March 24, 1994 and British 
Application No. (not yet known) filed February 28, 1995. 

BACKGROUND OF THE INVENTION 
The present invention is directed to improvements in 
methods and apparatus for decompression which operates to 
decompress and/or decode a plurality of differently encoded 
input signals . The illustrative embodiment chosen for 
description hereinafter relates to the decoding of a 
plurality of encoded picture standards. More specifically, 
this embodiment relates to the decoding of any one of the 
well known standards known as JPEG, MPEG and H.251. 

A serial pipeline processing system of the present 
invention comprises a single two-wire bus used for carrying 
unique and specialized interactive interfacing tokens, in the 
form of control tokens and data tokens, to a plurality or 
adaotive decompression circuits and the like positioned as a 
reconf igurable pipeline processor . 

Video compression/decompression systems are generally 
well-known in the art. However, such systems have generally 
been dedicated in design and use to a single compression 
standard. They have also suffered from a number of other 
inefficiencies and inflexibility in overall system and 
subsystem design and data flow management. 

Examples of prior art systems and subsystems are 
enumerated as follows : 

One orior art system is described in United States 
Patent No. 5,216,724. The apparatus comprises a plurality or 
compute modules, in a preferred embodiment, for a total or 
four compute modules coupled in parallel. Each of the 
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compute modules has a processor, dual port memory, scratch- 
pad memory, and an arbitration mechanism. A first bus 
couples the compute modules and a host processor. The device 
comprises a shared memory which is coupled to the host 
5 processor and to the compute modules with a second bus. 

United States Patent No. 4,785,349 discloses a full 
motion color digital video signal that is compressed, 
formatted for transmission, recorded on compact disc media 
and decoded at conventional video frame rates. During 

10 compression, regions of a frame are individually analyzed to 
select optimum fill coding methods specific to each region. 
Region decoding time estimates are made to optimize 
compression thresholds. Region descriptive codes conveying 
the size and locations of the regions are grouped together in 

15 a first segment of a data stream. Region fill codes 
conveying pixel amplitude indications for the regions are 
grouped together according to fill code type and placed in 
other segments of the data stream. The data stream segments 
are individually variable length coded according to their 

20 respective statistical distributions and formatted to form 
data frames. The number of bytes per frame is withered by 
the addition of auxiliary data determined by a reverse frame 
sequence analysis to provide an average number selected to 
minimize pauses of the compact disc during playback, thereby 

25 avoiding unpredictable seek mode latency periods 
characteristic of compact discs, A decoder includes a 
variable length decoder responsive to statistical information 
in the code stream for separately variable length decoding 
individual segments of the data stream. Region location data 

3 0 is derived from region descriptive data and applied with 
region fill codes to a plurality of region specific decoders 
selected by detection of the fill code type (e.g., relative, 
absolute, dyad and DPCM) and decoded region pixels are stored 
in a bit map for subsequent display. 
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United States Patent No . 4,922,341 discloses a method 
for scene-model-assisted reduction of image data for digital 
television signals, whereby a picture signal supplied at time 
is to be coded, whereby a predecessor frame from a scene 
5 already coded at time t-1 is present in an image store as a 
reference, and whereby the frame-to-frame information is 
composed of an amplification factor, a shift factor, and an 
adaptively acquired quad-tree division structure. Upon 
initialization of the system, a uniform, prescribed gray 

10 scale value or picture half-tone expressed as a defined 
luminance value is written into the image store of a coder at 
the transmitter and in the image store of a decoder at the 
receiver store, in the same way for all picture elements 
(pixels) . Both the image store in the coder as well as the 

15 image store in the decoder are each operated with feed back 
to themselves in a manner such that the content of the image 
store in the coder and decoder can be read out in blocks of 
variable size, can be amplified with a factor greater than or 
less than 1 of the luminance and can be written back into the 

2 0 image store with shifted addresses, whereby the blocks of 

variable size are organized according to a known quad tree 
data structure. 

United States Patent No. 5,122,875 discloses an 
apparatus for encoding/decoding an HDTV signal. The 
25 apparatus includes a compression circuit responsive to high 
definition video source signals for providing hierarchically 
layered codewords CW representing compressed video data and 
associated codewords T, defining the types of data 
represented by the codewords CW. A priority selection 

3 0 circuit, responsive to the codewords CW and T, parses the 

codewords CW into high and low priority codeword sequences 
wherein the high and low priority codeword sequences 
correspond to compressed video data of relatively greater and 
lesser importance to image reproduction respectively. A 
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transport processor, responsive to the high and low priority 
codeword sequences, forms high and low priority transport 
blocks of high and low priority codewords, respectively. 
Each transport block includes a header, codewords CW and 
5 error detection check bits. The respective transport blocks 
are applied to a forward error check circuit for applying 
additional error check data.. Thereafter, the high and low 
priority data are applied to a modem wherein quadrature 
amplitude modulates respective carriers for transmission. 

10 United States Patent No. 5,146,325 discloses a video 

decompression system for decompressing compressed image data 
wherein odd and even fields of the video signal are 
independently compressed in sequences of intraframe and 
interframe compression modes and then interleaved for 

15 transmission. The odd and even fields are independently 
decompressed. During intervals when valid decompressed 
odd/even field data is not available, even/odd field data is 
substituted for the. unavailable odd/even field data. 
Independently decompressing. the even and odd fields of data 

20 and substituting the opposite field of data for unavailable 
data may be used to advantage to reduce image display latency 
during system start-up and channel changes. 

United States Patent No. 5,168,356 discloses a video 
signal encoding system that includes apparatus for segmenting 

25 encoded video data into transport blocks for signal 
transmission. The transport block format enhances signal 
recovery at the receiver by virtue of providing header data 
from which a receiver can determine re-entry points into the 
data stream on the occurrence of a loss or corruption of 

3 0 transmitted data. The re-entry points are maximized by 
providing secondary transport headers embedded within encoded 
video data in respective transport blocks. 

United States Patent No. 5,168,375 discloses a method 
for processing a field of image data samples to provide for 
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one or more of the functions of decimation, interpolation, 
and sharpening. This is accomplished by an array transform 
processor such as that employed in a JPEG compression system. 
Blocks of data samples are transformed by the discrete even 
5 cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, the number of 
frequency terms is reduced, this being followed by inverse 
transformation to produce a reduced-size matrix of sample 

10 points representing the original block of data. In the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. In 

15 the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there is 
provided an inverse transformation resulting in a set of 
blocks of processed data samples. The blocks are overlapped 

20 followed by a savings of designated samples, and a discarding 
of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 

25 being followed by forming the discrete odd cosine transform 
(DOCT) of the padded kernel matrix. 

United States Patent No. 5,175,617 discloses a system 
and method for transmitting logmap video images through 
telephone line band-limited analog channels. The pixel 

3 0 organization in the logmap image is designed to match the 
sensor geometry of the human eye with a greater concentration 
of pixels at the center. The transmitter divides the 
frequency band into channels, and assigns one or two pixels 
to each channel, for example a 3KHz voice quality telephone 



line is divided into 768 channels spaced about 3.9Hz apart. 
Each channel consists of two carrier waves in quadrature, so 
each channel can carry two pixels. Some channels are 
reserved for special calibration signals enabling the 
receiver to detect both the phase and magnitude of the 
received signal. If the sensor and pixels are connected 
directly to a bank of oscillators and the receiver can 
continuously receive each channel, then the receiver need not 
be synchronized with the transmitter. An FFT algorithm 
implements a fast discrete approximation to the continuous 
case in which the receiver synchronizes to the first frame 
and then acquires subsequent frames every frame period. The 
frame period is relatively low compared with the sampling 
period so the receiver is unlikely to lose frame synchrony 
once the first frame is detected. An experimental video 
telephone transmitted 4 frames per second, applied quadrature 
coding to 144 0 pixel logmap images and obtained an effective 
data transfer rate in excess of 40,000 bits per second. 

United States Patent No. 5,185,819 discloses a video 
compression system having odd and even fields of video signal 
that are independently compressed in sequences of intraframe 
and interframe compression modes. The odd and even fields of 
independently compressed data are interleaved for 
transmission such that the intraframe even field compressed 
data occurs midway between successive fields of intraframe 
odd field compressed data. The interleaved sequence provides 
receivers with twice the number of entry points into the 
signal for decoding without increasing the amount of data 
transmitted. 

United States Patent No. 5,212,742 discloses an 
apparatus and method for processing video data for 
compression/decompression in real-time. The apparatus 
comprises a plurality of compute modules, in a preferred 
embodiment, for a total of four compute modules coupled in 



parallel. Each of the compute modules has a processor, dual 
port memory, scratch-pad memory, and an arbitration 
mechanism- A first bus couples the compute modules and host 
processor. Lastly, the device comprises a shared memory 
which is coupled to the host processor and to the compute 
modules with a second bus. The method handles assigning 
portions of the image for each of the processors to operate 
upon. 

United States Patent No. 5,231,484 discloses a system 
and method for implementing an encoder suitable for use with 
the proposed ISO/IEC MPEG standards. Included are three 
cooperating components or subsystems that operate to 
variously adaptively pre-process the incoming digital motion 
video sequences, allocate bits to the pictures in a sequence, 
and adaptively quantize transform coefficients in different 
regions of a picture in a video sequence so as to provide 
optimal visual quality given the number of bits allocated to 
that picture. 

United States Patent No. 5,2 67,3 34 discloses a method of 
removing frame redundancy in a computer system for a sequence 
of moving images. The method comprises derecting a first 
scene change in the sequence of moving images and generating 
a first keyframe containing complete scene information for a 
first image. The first keyframe is known, in a preferred 
embodiment, as a "forward-facing" keyframe or intraframe, and 
it is normally present in CCITT compressed video data. The 
process then comprises generating at least one intermediate 
compressed frame, the at least one intermediate compressed 
frame containing difference information from the first image 
for at least one image following the first image in time in 
the sequence of moving images. This at least one frame being 
known as an interframe. Finally, detecting a second scene 
change in the sequence of moving images and generating a 
second keyframe containing complete scene information for an 
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image displayed at the time just prior to the second scene 
change, known as a "backward-facing" keyframe- The first 
keyframe and the at least one intermediate compressed frame 
are linked for forward play, and the second keyframe and the 
intermediate compressed frames are linked in reverse for 
reverse play. The intraframe may also be used for generation 
of complete scene information when the images are played in 
the forward direction. When this sequence is played in 
reverse, the backward-facing keyframe is used for the 
generation of complete scene information. 

United States Patent No. 5,276,513 discloses a first 
circuit apparatus, comprising a given number of prior-art 
image-pyramid stages, together with a second circuit 
apparatus, comprising the same given number of novel motion- 
vector stages, perform cost-effective hierarchical motion 
analysis (HMA) in real-time, with minimum system processing 
delay and/or employing minimum system processing delay and/or 
employing minimum hardware structure. Specifically, the 
first and second circuit apparatus, in response to relatively 
high-resolution image data from an ongoing input series of 
successive given pixel-density image-data frames that occur 
at a relatively high frame rate (e.g. , 30 frames per second) , 
derives, after a certain processing-system delay, an ongoing 
output series of successive given pixel-density vector-data 
frames that occur at the same given frame rate. Each vector- 
data frame is indicative of image motion occurring between 
each pair of successive image frames. 

United States Patent No. 5,283,64 6 discloses a method 
and apparatus for enabling a real-time video encoding system 
to accurately deliver the desired number of bits per frame, 
while coding the image only once, updates the quantization 
step size used to quantize coefficients which describe, for 
example, an image to be transmitted over a communications 
channel. The data is divided into sectors, each sector 
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including a plurality of blocks* The blocks are encoded, for 
example, using DCT coding, to generate a sequence of 
coefficients for each block. The coefficients can be 
quantized, and depending upon the quantization step, the 
5 number of bits required to describe the data will vary 
significantly. At the end of the transmission of each sector 
of data, the accumulated actual number of bits expended is 
compared with the accumulated desired number of bits 
expended , for a selected number of sectors associated with 

10 the particular group of data. The system then readjusts the 
quantization step size to target a final desired number of 
data bits for a plurality of sectors, for example describing 
an image. Various methods are described for updating the 
quantization step size and determining desired bit 

15 allocations. 

The article, Chong, Yong M. , A Data-Flow Architecture 
for Digital Image Processing , Wescon Technical Papers: No. 
2 Oct. /Nov. 1984, discloses a real-time signal processing 
system specifically designed for image processing. More 

20 particularly, a token based data-flow architecture is 
disclosed wherein the tokens are of a fixed one word width 
having a fixed width address field. The system contains a 
plurality of identical flow processors connected in a ring 
fashion. The tokens contain a data field, a control field 

25 and a tag. The tag field of the token is further broken down 
into a processor address field and an identifier field. The 
processor address field is used to direct the tokens to the 
correct data-flow processor, and the identifier field is used 
to label the data such that the data-flow processor knows 

3 0 what to do with the data. In this way, the identifier field 
acts as an instruction for the data-flow processor. The 
system directs each token to a specific data-flow processor 
using a module number (MN) . If the MN matches the MN of the 
particular stage, then the appropriate operations are 



performed upon the data- If unrecognized, the token is 
directed to an output data bus. 

The article, Kimori, S. et al. An Elastic Pipeline 
Mechanism bv Self -Timed Circuits , IEEE J- of Solid-state 
Circuits, Vol. 23, No. 1, February 1988, discloses an elastic 
pipeline having self-timed circuits. The asynchronous 
pipeline comprises a plurality of pipeline stages. Each of 
the pipeline stages consists of a group of input data latches 
followed by a combinatorial logic circuit that carries out 
logic operations specific to the pipeline stages. The data 
latches are simultaneously supplied with a triggering signal 
generated by a data-transfer control circuit associated with 
that stage. The data-transfer control circuits are 
interconnected to form a chain through which send and 
acknowledge signal lines control a hand-shake mode of data 
transfer between the successive pipeline stages. 
Furthermore, a decoder is generally provided in each stage to 
select operations to be done on the operands in the present 
stage. It is also possible to locate the decoder in the 
preceding stage in order to pre-decode complex decoding 
processing and to alleviate critical path problems in the 
logic circuit. The elastic nature of the pipeline eliminates 
any centralized control since all the interworkings between 
the submodules are determined by a completely localized 
decision and, in addition, each submodule can autonomously 
perform data buffering and self-timed data-transfer control 
at the same time^ Finally, to increase the elasticity of the 
pipeline, empty stages are interleaved between the occupied 
stages in order to ensure reliable data transfer between the 
stages . 

United States Patent No. 5,278,64 6 discloses an improved 
technique for decoding wherein the number of coefficients to 
be included in each sub-block is selectable, and a code 
indicating the number of coefficients within each layer is 
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inserted in the bitstream at the beginning of each encoded 
video sequence. This technique allows the original runs of 
zero coefficients in the highest resolution layer to remain 
intact by forming a sub-block for each scale from a selected 
5 number of coefficients along a continuous scan. These sub- 
blocks may be decoded in a standard fashion, with an inverse 
discrete cosine transform applied to square sub-blocks 
obtained by the appropriate zero padding of and/or discarding 
of excess coefficients from each of the scales. This 
10 technique further improves decoding efficiency by allowing an 
implicit end of block signal to separate blocks, making it 
unnecessary to decode an explicit end of block signal in most 
cases . 

United States Patent No. 4,903,018 discloses a process 
15 and data processing system for compressing and expanding 
structurally associated multiple data sequences. The process 
is particular to data sets in which an analysis is made of 
the structure in order to identify a characteristic common to 
a predetermined number of successive data elements of a data 
2 0 sequence. In place of data elements, a code is used which is 
again decoded during expansion. The common characteristic is 
obtained by analyzing data elements which have the same order 
number in a number of data sequences. During expansion, the 
data elements obtained by decoding the code are ordered in 

2 5 data series on the basis of the order number of these data 

series on the basis of the order number of these data 
elements. The »data processing system for performing the 
processes includes a storage matrix (26) and an index storage 
(28) having line addresses of the storage matrix (26) in an 

3 0 assorted line sequence. 

United States Patent No. 4,334,246 discloses a circuit 
and method for decompressing video subsequent to its prior 
compression for transmission or storage. The circuit assumes 
that the original video generated by a raster input scanner 
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was operated on by a two line one shot predictor, coded using 
run length encoding into code words of four, eight or twelve 
bits and packed into sixteen bit data words. This described 
decompressor, then, unpacks the data by joining together the 
5 sixteen bit data words and then separately the individual 
code words, converts the code words into a number of all zero 
four bit nibbles and a terminating nibble containing one or 
more one bits which constitutes decoded data, inspects the 
actual video of the preceding scan line and the previous 

10 video bits of the present line to produce depredictor 
bits and compares the decoded data and depredictor bits to 
produce the final actual video. 

United States Patent No, 5,060,242 discloses an image 
signal processing system DPCM encodes the signal, then 

15 Huffman and run length encodes the signal to produce variable 
length code words, which are then tightly packed without gaps 
for efficient transmission without loss of any data. The 
tightly packed apparatus has a barrel shifter with its shift 
modulus controlled by an accumulator receiving code word 

2 0 length information. An OR gate is connected to the shifter, 

while a register is connected to the gate. Apparatus for 
processing a tightly packed and decorrelated digital signal 
has a barrel shifter and accumulator for unpacking, a Huffman 
and run length decoder, and an inverse DCPM decoder. 
25 United States Patent No. 5,168,375 discloses a method 

for processing a field of image data samples to provide for 
one or more of the functions of decimation, interpolation, 
and sharpening is accomplished by use of an array transform 
processor such as that employed in a JPEG compression system. 

3 0 Blocks of data samples are transformed by the discrete even 

cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, the number of 
frequency terms is reduced , this being followed by inverse 



transf ormation to produce a reduced-size matrix of sample 
points representing the original block of data. In the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. In 
the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there is 
provided an inverse transformation resulting in a set of 
blocks of processed data samples. The blocks are overlapped 
followed by a savings of designated samples, and a discarding 
of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 
being followed by forming the discrete odd cosine transform 
(DOCT) of the padded kernel matrix. 

United States Patent No. 5,231,486 discloses a high 
definition video system processes a bitstream including high 
and low priority variable length coded Data words. The coded 
Data is separated into packed High Priority Data and packed 
Low Priority Data by means of respective data packing units. 
The coded Data is continuously applied to both packing units. 
High Priority and Low Priority Length words indicating the 
bit lengths of high priority and low priority components of 
the coded Data are applied to the high and low priority data 
packers, respectively. The Low Priority Length word is 
zeroed when high Priority Data is to be packed for transport 
via a first output path, and the High Priority Length word is 
zeroed when Low Priority Data is to be packed for transport 
via a second output path. 

United States Patent No. 5,287,178 discloses a video 
signal encoding system includes a signal processor for 
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segmenting encoded video data into transport blocks having a 
header section and a packed data section- The system also 
includes reset control apparatus for releasing resets of 
system components, after a global system reset, in a 
prescribed non-simultaneous phased sequence to enable signal 
processing to commence in the prescribed sequence. The 
phased reset release sequence begins when valid data is 
sensed as transmitting the data lines. 

United States Patent No. 5,124,790 to Nakayama discloses 
a reverse quantizer to be used with image memory. The 
inverse quantizer is used in the standard way to decode 
differential predictive coding method (DPCM) encoded data.] 
United States Patent No. 5,136,371 to Savatier et al. is 
directed to a de-quantizer having an adjustable quantiza- 
tional level which is variable and determined by the fullness 
of the buffer. The applicants state that the novel aspect of 
their invention is the maximum available data rate that is 
achieved. Buffer overflow and underflow is avoided by 
adapting the quantization step size the quantizer 152 and the 
de-quantizer 156 by means of a quantizational level which is 
recalculated after each block has been encoded. The 
quantization level is calculated as a function of the amount 
15 of already encoded data for the frame, compared with the 
total buffer size. In this manner, the quantization level 
can advantageously be recalculated by the decoder and does 
not have to be transmitted. 

United States Patent No. 5,142,380 to Sakagami et al. 
discloses an image compression apparatus suitable for use 
with still images such as those formed by electronic still 
cameras using solid state image sensors. The quantizer 
employed is connected to a memory means from which threshold 
values of a quantization matrix for the laminate signal, Y, 
25 and rom 15 stores threshold values of a quantization matrix 
for the crominant signals I and Q. 
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United States Patent No. 5,193,002 to Guichard et al. 
disclosed an apparatus for coding/decoding image signals in 
real time in conjunction with the CCITT standard H.2 61. A 
digital signal processor carries out direct quantization and 
reverse quantization. 

United States Patent No. 5,241,383 to Chen et al. 
describes an apparatus with a pseudo-constant bit rate video 
coding achieved by an adjustable quantization parameter. The 
qunatization parameter utilized by the quantizer 3 2 is 
periodically adjusted to increase or decrease the amount of 
code bits generated by the coding circuit. The change in 
quantization parameters for coding the next group of pictures 
is determined by a deviation measure between the actual 
number of code bits generated by the coding circuits for the 
previous group of pictures in an estimate number of code bits 
for the previous group of pictures. The number of code bits 
generated by the coding circuit is controlled by controlling 
the quantizer step sizes. In general smaller quantizer step 
sizes result in more code bits in larger quantizer step sizes 
result in fewer code bits. 

United States Patent No. 5,113,255 to Nagata et al; 
5,126,842 to Andrews et al; 5,253,058 to Gharavi; 5,260,782 
to Hui; and 5,212,742 to Normile et al are included for 
background and as a general description of the art. 

Accordingly, those concerned with the design, 
development and use of video compression/decompression 
systems and related subsystems have long recognized a need 
for improved methods and apparatus providing enhanced 
flexibility, efficiency and performance. The present 
invention clearly fulfills all these needs. 
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SUMMARY OF THE INVENTION 
Briefly, and in general tenris, the present invention 
provides an input, an output and a plurality of processing 
5 stages between the input and the output, the plurality of 
processing stages being interconnected by a two-wire 
interface for conveyance of tokens along a pipeline, and 
control and/or DATA tokens in the form of universal 
adaptation units for interfacing with all of the stages in 

10 the pipeline and interacting with selected stages in the 
pipeline for control, data and/or combined control-data 
functions among the processing stages, whereby the processing 
stages in the pipeline are afforded enhanced flexibility in 
configuration and processing. 

15 Each of the processing stages in the pipeline may 

include both primary and secondary storage, and the stages in 
the pipeline are reconf igurable in response to recognition of 
selected tokens. The tokens in the pipeline are dynamically 
adaptive and may be position dependent upon the processing 

2 0 stages for performance of functions or position independent 

of the processing stages for performance of functions. 

In a pipeline machine, in accordance with the invention, 
the tokens may be altered by interfacing with the stages, and 
the tokens may interact with all of the processing stages in 
25 the pipeline or only with some but less than all of said 
processing stages. The tokens in the pipeline may interact 
with adjacent processing stages or with non-adjacent 
processing stages, and the tokens may reconfigure the 
processing stages. Such tokens may be position dependent for 

3 0 some functions and position independent for other functions 

in the pipeline. 

The tokens, in combination with the reconf igurable 
processing stages, provide a basic building block for the 
pipeline system. The interaction of the tokens' with a 
3 5 processing stage in the pipeline may be conditioned by the 
previous processing history of that processing stage. The 



16a 



tokens may have address fields which characterize the tokens, 
and the interactions with a processing stage may be 
determined by such address fields. 
5 In an improved pipeline machine, in accordance with the 

invention, the tokens may include an extension bit for each 
token, the extension bit indicating the presence of 
additional words in that token and identifying the last word 
in that token. The address fields may be of variable length 

10 and may also be Huffman coded. 

In the improved pipeline machine, the tokens may be 
generated by a processing stage. Such pipeline tokens may 
include data for transfer to the processing stages or the 
tokens may be devoid of data. Some of the tokens may be 

15 identified as DATA tokens and provide data to the processing 
stages in the pipeline, while other tokens are identified as 
control tokens and only condition the processing stages in 
the pipeline, such conditioning including reconfiguring of 
the processing stages. Still other tokens may provide both 

2 0 data and conditioning to the processing stages in the 

pipeline. Some of said tokens may identify coding standards 
to the processing stages in the pipeline, whereas other 
tokens may operate independent of any coding standard among 
the processing stages. The tokens may be capable of 
25 successive alteration by the processing stages in the 
pipeline . 

In accordance with the invention, the interactive 
flexibility of the tokens ' in cooperation with the processing 
stages facilitates greater functional diversity of the 

3 0 processing stages for resident structure in the pipeline, and 

the flexibility of the tokens facilitates system expansion 
and/or alteration. The tokens may be capable of facilitating 
a plurality of functions within any processing stage in the 
pipeline. Such pipeline tokens may be either hardware based 
35 or software based. Hence, the tokens facilitate more 
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efficient uses of system bandwidth in the pipeline. The 
tokens may provide data and control simultaneously to the 
processing stages in the pipeline. 

The invention may include a pipeline processing machine 
for handling plurality of separately encoded bit streams 
arranged as a single serial bit stream of digital bits and 
having separately encoded pairs of control codes and 
corresponding data carried in the serial bit stream and 
employing a plurality of stages interconnected by a two-wire 
interface, further characterized by a start code detector 
responsive to the single serial bit stream for generating 
control tokens and DATA tokens for application to the two- 
wire interface, a token decode circuit positioned in certain 
of the stages for recognizing certain of the tokens as 
control tokens pertinent to that stage and for passing 
unrecognized control tokens along the pipeline, and a 
reconf igurable decode and parser processing means responsive 
to a recognized control token for reconfiguring a particular 
stage to handle an identified DATA token. 

The pipeline machine may also include first and second 
registers, the first register being positioned as an input of 
the decode and parser means, with the second register 
positioned as an output of the decode and parser means. One 
of the processing stages may be a spatial decoder, a second 
of the stages being a token generator for generating control 
tokens and DATA tokens for passage along the two-wire 
interface. A token decode means is positioned in the spatial 
decoder for recognizing certain of the tokens as control 
tokens pertinent to the spatial decoder and for configuring 
the spatial decoder for spatially decoding DATA tokens 
following a control token into a first decoded format. 

A further stage may be a temporal decoder positioned 
downstream in the pipeline from the spatial decoder, with a 
second token decode means positioned in the temporal decoder 



16c 



for recognizing certain of the tokens as control tokens 
pertinent to the temporal decoder and for configuring the 
temporal decoder for temporally decoding the DATA tokens 
5 following the control token into a first decoded format. The 
temporal decoder may utilize a reconf igurable prediction 
filter which is reconf igurable by a prediction token. 

Data may be moved along the two-wire interface within 
the temporal decoder in 8x8 pel data blocks , and address 

10 means may be provided for storing and retrieving such data 
blocks along block boundaries. The address means may store 
and retrieve blocks of data across block boundaries. The 
address means reorders said blocks as picture data for 
display. The data blocks stored and retrieved may be greater 

15 and/ or smaller than 8x8 pel data blocks. Circuit means may 
also be provided for either displaying the output of the 
temporal decoder or writing the output back into a picture 
memory location. The decoded format may be either a still 
picture format or a moving picture format. 

2 0 The processing stage -may also include, in accordance 

with the invention, a token decoder for decoding the address 
of a token and an action identifier responsive to the token 
decoder to implement configuration of the processing stage. 
The processing stages reside in a pipeline processing machine 
25 having a plurality of the processing stages interconnected by 
a two-wire interface bus, with control tokens and DATA tokens 
passing over the two-wire interface. A token decode circuit 
is positioned in certain of the processing stages for 
recognizing certain of the tokens as control tokens pertinent 

3 0 to that stage and for passing unrecognized control tokens 

along the pipeline. A first input latch circuit may be 
positioned on the two-wire interface preceding the processing 
stage and a second output latch circuit may be positioned on 
the two-wire interface succeeding the processing stage. The 
3 5 token decode circuit is connected to the two-wire interface 
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through the first input latch. Predetermined processing 
stages may include a decoding circuit connected to the output 
of a predetermined data storage device, whereby each 
processing stage assumes the active state only when the stage 
contains a predetermined stage activation signal pattern and 
remains in the activation mode until the stage contains a 
predetermined stage deactivation pattern. 

In accordance with the invention; one of the stages is 
a Start Code Detector for receiving the input and being 
adapted to generate and/or convert the tokens. The Start 
Code Detector is responsive to data to create tokens, 
searches for and detects start codes and produces tokens in 
response thereto, and is capable of detecting overlapping 
start codes, whereby the first start code is ignored and the 
second start code is used to create start code tokens. 

The Start Code Detector stage is adapted to search an 
input data stream in a search mode for a selected start code. 
The detector searches for breaks in the data stream, and the 
search may be made of data from an external data source. The 
Start Code Detector stage may produce a START CODE token, a 
P I CTURE_S TART token, a SLICE_START token, a PICTUREJEND 
token, a SEQUENCE_START token, a SEQUENCE_END token, and/or 
a GROUP_START token. The Start Code Detector stage may also 
perform a padding function by adding bits to the last word of 
a token. 

The Start Code Detector may provide, in a machine for 
handling a plurality of separately encoded bit streams 
arranged as a serial bit stream of digital bits and having 
separately encoded pairs of start codes and data carried in 
the serial bit stream, a Start Code Detector subsystem having 
first, second and third registers connected in serial 
fashion, each of the registers storing a different number of 
bits from the bit stream, the first register storing a value, 
the second register and a first decode means identifying a 
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start code associated with the value contained in said first 
register. Circuit means shift the latter value to a 
predetermined end of the third register, and a second decode 
5 means is arranged for accepting data from the third register 
in parallel* 

A memory may also be provided which is responsive to the 
second decode means for providing one or more control tokens 
stored in the memory as a result of the decoding of the value 

10 associated with the start code. A plurality of tag shift 
registers may be provided for handling tags indicating the 
validity of data from the registers. The system may also 
include means for accessing the input data stream from a 
microprocessor interface, and means for formatting and 

15 organizing the data stream. 

In accordance with the invention, the Start Code 
Detector may identify start codes of varying widths 
associated with differently encoded bit streams. The 
detector may generate a plurality of DATA Tokens from the 

2 0 input data stream. Further in accordance with the invention, 

the system may be a pipeline system and the Start Code 
Detector may be positioned as the first processing stage in 
the pipeline. 

The present invention also provides, in a digital 
25 picture information processing system, means for selectively 
configuring the system to process data in accordance with a 
plurality of different picture compression/decompression 
standards. The* picture standards may include JPEG , MPEG, 
and/or H.261, or any other standards and any combination of 

3 0 such picture standards, without departing in any way from the 

spirit and scope of the invention. In accordance with the 
invention, the system may include a spatial decoder for video 
data and having a Huffman decoder, an index to data and an 
arithmetic logic unit with a microcode ROM having separate 
35 stored programs for each of a plurality of different picture 
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compression/decompression standards, such programs being 
selectable by an interfacing adaptation unit in the form of 
a token, so that processing for a plurality of picture 
standards is facilitated. A multi-standard system in 
accordance with the invention, may utilize tokens for its 
operation regardless of the selected picture standard, and 
the tokens may be utilized as a generic communication 
protocol in the system for all of the various picture 
standards. The system may be further characterized by a 
multi-standard token for mapping differently encoded data 
streams arranged on a single serial stream of data onto a 
single decoder using a mixture of standard dependent and 
standard independent hardware and control tokens. The system 
may also include an address generation means for arranging 
macroblocks of data associated with different picture 
standards into a common addressing scheme. 

The present invention also provides, in a system having 
a plurality of processing stages, a universal adaptation unit 
in the form of an interactive interfacing token for control 
and/or data functions among the processing stages, the token 
being a PICTURE_START code token for indicating that the 
start of a picture will follow in the subsequent DATA token. 

The token may also be a PICTURE_END token for indicating 
the end of an individual picture. 

The token may also be a FLUSH token for clearing buffers 
and resetting the system as it proceeds down the system from 
the input to the output. In accordance with the invention, 
the FLUSH token .may variably reset the stages as the token 
proceeds down the pipeline. 

The token may also be a CODING_STANDARD token for 
conditioning the system for processing in a selected one of 
a plurality of picture compression/decompression standards. 

The COD ING_S TAND ARD token may designate the picture 
standard as JPEG, and/or any other appropriate picture 



16g 



standard. At least some of the processing stages reconfigure 
in response to the CODING__STANDARD token. 

One of the processing stages in the system may be a 
5 Huffman decoder and parser and, upon receipt of a 
CODING_STANDARD control token, the parser is reset to an 
address location corresponding to the location of a program 
for handling the picture standard identified by the 
CODING^ STANDARD control token. A reset address may also be 
10 selected by the CODING_STANDARD control token corresponding 
to a memory location used for testing the Huffman decoder and 
parser. 

The Huffman decoder may include a decoding stage and an 
Index to Data stage, and the parser stage may send an 

15 instruction to the Index to Data Unit to select tables needed 
for a particular identified coding standard, the parser stage 
indicating whether the arriving data is inverted or not- 

The af oredescribed tokens may take the form of an 
interactive metamorphic interfacing token, 

20 The present invention also provides a system for 

decoding video data, having a Huffman decoder, an index to 
data (ITOD) stage, an arithmetic logic unit (ALU) , and a data 
buffering means immediately following the system, whereby 
time spread for video pictures of varying data size can be 

25 controlled. 

The system may include a spatial decoder having a two- 
wire interface intercon-necting processing stages, the 
interface enabling serial processing for data and parallel 
processing for control. 

30 As previously indicated, the system may further include 

a ROM having separate stored programs for each of a plurality 
of picture standards, the programs being selectable by a 
token to facilitate processing for a plurality of different 
picture standards. 
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The spatial decoder system also includes a token 
formatter for formatting tokens, so that DATA tokens are 
created. 

5 The system may also include a decoding stage and a 

parser stage for sending an instruction to the Index to Data 
Unit to select tables needed for a particular identified 
coding standard, the parser stage indicating whether the 
arriving data is inverted or not. The tables may be arranged 
10 within a memory for enabling multiple use of the tables where 
appropriate. 

The present invention also provides a pipeline system 
having an input data stream, and a processing stage for 
receiving the input data stream, the stage including means 
15 for recognizing specified bit stream patterns, whereby said 
stage facilitates random access and error recovery. In 
accordance with the invention, the processing stage may be a 
start code detector and the bit stream patterns may include 
start codes. Hence, "the invention provides a search-mode 

2 0 means for searching differently encoded data streams arranged 

as a single serial stream of data for allowing random access 
and enhanced error recovery. 

The present invention also provides a pipeline machine 
having means for performing a stop-after-picture operation 
25 for achieving a clear end to picture data decoding, for 
indicating the end of a picture, and for clearing the 
pipeline, wherein such means generates a combination of a 
PICTUREJEND tokeji and a FLUSH token. 

The present invention also provides, in a pipeline 

3 0 machine, a fixed size, fixed width buffer and means for 

padding the buffer to pass an arbitrary number of bits 
through the buffer. The padding means may be a start code 
detector. 

Padding may be performed only on the last word of a 
3 5 token and padding insures uniformity of word size. In 
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accordance with the invention, a reconf igurable processing 
stage may be provided as a spatial decoder and the padding 
means adds to picture data being handled by the spatial 
5 decoder suff icent additional bits such that each decompressed 
picture at the output of the spatial decoder is of the same 
length in bits. 

The present invention also provides, in a system having 
a data stream including run length code, an inverse modeller 
10 means active upon the data stream from a token for expending 
out the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The token may be a DATA token* 

The inverse modeller means blocks tokens which lack the 
15 specified number of values, and the specified number of 
values may be 64 coefficients in a presently preferred 
embodiment of the invention. 

The practice of the invention may include an expanding 
circuit for accepting a DATA token having run length codes 

2 0 and decoding the run length codes* A padder circuit in 

communication with the expanding circuit checks that the DATA 
token has a predetermined length so that if the DATA token 
has less than the predetermined length, the padder circuit 
adds units of data to the DATA token until the predetermined 
25 length is achieved. A bypass circuit is also provided for 
bypassing any token other than a DATA token around the 
expanding circuit and the padding circuit. 

In accordance with the invention, a method is provided 
for data to efficiently fill a buffer, including providing 

3 0 first type tokens having a first predetermined width, and at 

least one of the following formats: 

Format A - ExxxxxxLLLLLLLLLLL 
Format B - ERRRRRRLLLLLLLLLLL 
Format C - E 0 0 0 0 0 0 LLLLLLLLLLL 
3 5 where E=extention bit; F=specifics format; R=run bit; 
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L=length bit or non-data token; x="don't care" bit, splitting 
format A tokens into a format Oa token having a form of 
ELLLLLLLLLLL , splitting format B tokens into a format 1 token 
5 having the form of FRRRRRROOOOO and a format Oa data token, 
splitting format C tokens into a format 0 token having the 
form of FLLLLLLLLLLL, and packing format 0, format Oa and 
format 1 tokens into a buffer, having a second predetermined 
width. 

10 The invention also provides an apparatus for providing 

a time delay to a group of compressed pictures, the pictures 
corresponding to a video compression/ decompression standard, 
wherein words of data containing compressed pictures are 
counted by a counter circuit and a microprocessor, in 

15 communication with the counter circuit and adapted to receive 
start-up information consistent with the standard of video 
decompression, communicates the start-up information to the 
counter circuit. 

An inverse modeller circuit, for accepting the words of 

20 data and capable of delaying the words of data, is in 
communication with a control circuit intermediate the counter 
circuit and the inverse modeller circuit, the control circuit 
also communicating with the counter circuit which compares 
the start-up information with the counted words of data and 

25 signals the control circuit. The control circuit queues the 
signals in correspondence to the words of data that have met 
the start-up criterion and controls the inverse modeller 
delay feature. * 

The present invention also provides in a pipeline system 

3 0 having an inverse modeller stage and an inverse discrete 
cosine transform stage, the improvement characterized by a 
processing stage, positioned between the inverse modeller 
stage and the inverse discrete cosine transform stage, 
responsive to a token table for processing data. 
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In accordance with the invention, the token may be a 
QUANT_ TABLE token for causing the processing stage to 
generate a quantization table. 
5 The present invention also provides a Huffman decoder 

for decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were coded, 

10 and comprising means for receiving the Huffman coded data 
words, means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, means for converting the data words to JPEG Huffman 
coded data words, if necessary, in response to reading the 

15 identifier that identifies the Huffman coded data words as 
H.2 61 or MPEG Huffman coded, means operably connected to the 
Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 

20 means, and means for operating a lookup table containing a 
Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output -that 

25 is a decoded data word corresponding to the index number. 

The invention further relates, in varying degrees of 
scope, to a method for decoding data words encoded according 
to the Huffman >coding provisions of either H.261, JPEG or 
MPEG standards, the data words including an identifier that 

3 0 identifies the Huffman code standard under which the data 
words were coded, such steps comprising receiving the Huffman 
coded data words, including reading the identifier to 
determine which standard governed the Huffman coding of the 
received data words, if necessary, in response to reading the 

3 5 identifier that identifies the Huffman coded data words as 
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H-261 or MPEG Huffman coded, generating an index number 
associated with each JPEG Huffman coded data word received, 
operating a lookup table containing a Huffman code table 
5 having the format used under the JPEG standard to transmit 
JPEG Huffman table information, including receiving an index 
number, and generating a decoded data word corresponding to 
the received index number. 

The above and other objectives and advantages of the 
10 invention will become apparent from the following more 
detailed description when taken in conjunction with the 
accompanying drawings. 
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DESCRIPTION OF THE DRAWINGS 

Figure. 1 illustrates six cycles of a six-stage pipeline for 
different combinations of two internal control signals; 
5 Figures, 2a and 2b illustrate a pipeline in which each stage 
includes auxiliary data storage. They also show the manner 
in which pipeline stages can "compress" and "expand" in 
response to delays in the pipeline; 

Figures. 3a(l), 3a(2), 3b(l) and 3b(2) illustrate the control 
10 of data transfer between stages of a preferred embodiment of 
a pipeline using a two-wire interface and a multi-phase 
clock; 

Figure. 4 is a block diagram that illustrates a basic 
embodiment of a pipeline stage that incorporates a two-wire 

15 transfer control and also shows two consecutive pipeline 
processing stages with the two-wire transfer control; 
Figures, 5a and 5b taken together depict one example of a 
timing diagram that shows the relationship between timing 
signals, input and output data, and internal control signals 

20 used in the pipeline stage as shown in Figure. 4; 

Figure. 6 is a block diagram of one example of a pipeline 
stage that holds its state under the control of an extension 
bit; 

Figure. 7 is a block diagram of a pipeline stage that decodes 

25 stage activation data words; 

Figures. 8a and 8b taken together form a block diagram 
showing the use of the two-wire transfer control in an 
exemplifying "data duplication" pipeline stage; 
Figures. 9a and 9b taken together depict one example of a 

3 0 timing diagram that shows the two-phase clock, the two-wire 
transfer control signals and the other internal data and 
control signals used in the exemplifying embodiment shown in 
Figures. 8a and 8b, 

Figure 10 is a block diagram of a reconf igurable processing 
3 5 stage; 
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Figure 11 is a block diagram of a spatial decoder; 
Figure 12 is a block diagram of a temporal decoder; 
Figure 13 is a block diagram of a video formatter; 
5 Figures 14a-c shov various arrangements of memory blocks used 
in the present invention: 

Figure 14a is a memory map showing a first 

arrangement of macroblocks; 

Figure 14b is a memory map showing a second 
10 arrangement of macroblocks; 

Figure 14c is a memory map showing a further 

arrangement of macroblocks; 
Figure 15 shows a Venn diagram of possible table selection 
values ; 

15 Figure 16 shows the variable length of picture data used in 
the present invention; 

Figure 17 is a block diagram of the temporal decoder 
including the prediction filters; 

Figure 18 is a pictorial representation of the prediction 
20 filtering process; 

Figure 19 shows a generalized representation of the 
macroblock structure ; 

Figure 2 0 shows a generalized block diagram of a Start Code 
Detector; 

25 Figure 21 illustrates examples of start codes in a data 
stream; 

Figure 22 is a block diagram depicting the relationship 
between the flasf generator, decode index, header 
generator, extra word generator and output latches; 
3 0 Figure 23 is a block diagram of the Spatial Decoder DRAM 
interface ; 

Figure 24 is a block diagram of a write swing buffer; 
Figure 25 is a pictorial diagram illustrating prediction data 
offset from the block being processed; 
3 5 Figure 2 6 is a pictorial diagram illustrating prediction data 
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offset by (1,1); 

Figure 27 is a block diagram illustrating the Huffman decoder 
and parser state machine of the Spatial Decoder. 
Figure 28 is a block diagram illustrating the prediction 
filter . 
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Figure 29 

Figure 3 0 
5 Figure 3 1 

Figure 3 2 

Figure 3 3 

Figure 34 

Figure 35 
10 8 bits; 

Figure 3 6 

Figure 37 

Figure 38 

interfaces; 
15 Figure 3 9 

Figure 4 0 

Figure 41 

Figure 4 2 

Figure 4 3 
20 Figure 44 

transfers ; 

Figure 45 

Figure 4 6 

Figure 4 7 
25 Figure 48 

deep DRAMs (9 bit 

Figure 4 9 

signal ; 

Figure 50 
3 0 strobe signals; 

Figure 51 

a strobe; 

Figure 52 

a strobe ; 

3 5 Figure 53 

Figure 54 
Figure 55 
the memory map; 
Figure 56 

4 0 Figure 57 

Figure 58 

Figure 59 

circuit; 

Figure 60 
4 5 Figure 61 

Figure 62 

to Tokens ; 

Figure 63 

Tokens ; 
50 Figure 64 

aligned) ; 

Figure 65 



FIGURES 

shows a typical decoder system; 

shows a JPEG still picture decoder; 

shows a JPEG video decoder; 

shows a multi-standard video decoder; 

shows the start and the end of a token; 

shows a token address and data fields; 

shows a token on an interface wider than 

shows a macroblock structure; 

shows a two-wire interface protocol; 

shows the location of external two-wire 

shows clock propagation; 

shows two-wire interface timing; 

shows examples of access structure; 

shows a read transfer cycle; 

shows an access start timing; 

shows an example access with two write 

shows a read transfer cycle; 
shows a write transfer cycle; 
shows a refresh cycle; 

shows a 32 bit data bus and a 256 kbit 
row address) ; 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows an MP I read timing; 

shows an MP I write timing; 

shows organization of large integers in 

shows a typical decoder clock regime; 

shows input clock requirements; 

shows the Spatial Decoder; 

shows the inputs and outputs of the input 

shows the coded port protocol; 
shows the start code detector; 
shows start codes detected and converted 

shows the start codes detector passing 

shows overlapping MPEG start codes (byte 

shows overlapping MPEG start codes (not 
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shows 

shows 

shows 
shows 

shows 
shows 
shows 
shows 
shows 



byte aligned) ; 
Figure 66 
sequences ; 
Figure 67 
insertion; 
Figure 68 
Figure 69 
output ; 
Figure 70 
Figure 71 
Figure 72 
Figure 73 
Figure 74 
macroblock; 
Figure 7 5 
from pel ones; 
Figure 7 6 
Figure 77 
quantization; 
Figure 7 8 
quantization; 
Figure 79 
quantization ; 
Figure 80 
Figure 81 
sequential structure; 
Figure 82 shows 



jumping between two video 

a sequence - of extra Token 

decoder start-up control; 
enabled streams queued before the 

a spatial decoder buffer; 
a buffer pointer; 
a video demux; 

a construction of a picture; 

a construction of a 4:2:2 



shows a calculating macroblock dimension 



shows 
shows 

shows 

shows 

shows 
shows 



Figure 83 
Figure 84 
Figure 85 
Figure 86 
output ; 
Figure 87 
and output; 
Figure 88 
output ; 
Figure 89 
Figure 90 
Figure 91 
Figure 92 
Figure 93 
Figure 94 
blocks; 
Figure 9 5 
Figure 9 6 
macroblocks ; 
Figure 97 
Figure 9 8 
Figure 99 
blocks ; 
Figure 100 
Figure 101 



shows 
shows 
shows 
shows 

shows 



spatial decoding; 
an overview of H.2 61 inverse 

an overview of JPEG inverse 

an overview of MPEG inverse 

a quantization table memory map; 
an overview of JPEG baseline 

a tokenised JPEG picture; 

a temporal decoder; 

a picture buffer specification; 

an MPEG picture sequence (m=3); 

how "I" pictures are stored and 



how "P" pictures are formed, stored 

shows how "B" pictures are formed and 

shows P picture formation; 

shows H.261 prediction formation;. 

shows an H.2 61 "sequence"; 

shows a hierarchy of H.261 syntax; 

shows an H.261 picture layer; 

shows an H.2 61 arrangement of groups of 

shows an H.261 "slice" layer; 

shows an H.2 61 arrangement of 

shows an H.2 61 sequence of blocks; 

shows an H.2 61 macroblock layer; 

shows an H.261 arrangement of pels in 

shows a hierarchy of MPEG syntax; 
shows an MPEG sequence layer; 
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shows an MPEG group of pictures layer; 
shows an MPEG picture layer; 
shows an MPEG "slice" layer; 
shows an MPEG sequence of blocks; 
shows an MPEG macroblock layer; 
shows an "open GOP"; 

shows examples of access structure; 
shows access start timing; 
shows a fast page read cycles- 
shows a fast page write cycle; 
shows a refresh cycle; 

shows extracting row and column address 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows a Huffman decoder and parser; 
shows an H.261 and an MPEG AC Coefficient 
Decoding Flow Chart; 

Figure 120 shows a block diagram for JPEG (AC and 

DC) coefficient decoding; 

Figure 121 shows a flow diagram for JPEG (AC and DC) 

coefficient decoding; 



Figure 102 
Figure 103 
Figure 104 
Figure 105 
Figure 106 
Figure 107 
Figure 108 
Figure 109 
Figure 110 
Figure 111 
Figure 112 
Figure 113 

from a chip address; 
Figure 114 
signal ; 
Figure 115 
strobe signals; 
Figure 116 
a strobe ; 
Figure 117 
a strobe; 
Figure 118 
Figure 119 



Figure 122 
Formatter; 
Figure 123 
Figure 124 
Decoding; 
Figure 12 5 
Figure 12 6 
ALU; 

Figure 127 
Figure 128 
Figure 129 
Figure 13 0 
Figure 131 
Figure 13 2 
Figure 133 
Figure 134 
Figure 13 5 
Figure 136 
Figure 13 7 
Figure 13 8 
Figure 13 9 
Figure 14 0 



shows an interface to the Huffman Token 

shows a token formatter block diagram; 
shows an H.261 and an MPEG AC Coefficient 

shows the interface to the Huffman ALU; 
shows the basic structure of the Huffman 



shows the buffer manager; 
shows an imodel and hsppk block diagram; 
shows an imex state diagram; 
illustrates the buffer start-up; 
shows a DRAM interface; 
shows a write swing buffer; 
shows an arithmetic block; 
shows an iq block diagram; 
shows an iqca state machine; 
shows an IDCT 1-D Transform Algorithms- 
shows an IDCT 1-D Transform Architecture; 
shows a token stream block diagram; 
shows a standard block structure; 
is a block diagram showing; 
microprocessor test access; 

Figure 141 shows l-D Transform Micro-Architecture; 
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Figure 14 2 
Figure 14 3 
interface stage; 
Figure 14 4 
diagram; 
Figure 145 
Figure 14 6 
Figure 147 
Figure 148 
Figure 149 
Figure 150 
Figure 151 
Figure 152 
Figure 153 
Figure 154 
Figure 155 



shows a temporal decoder block diagram; 
shows the structure of a Two-wire 

shows the address generator block 



shows the block and pixel offsets; 
shows multiple prediction filters; 
shows a single prediction filter; 
shows the 1-D prediction filter; 
shows a block of pixels; 
shows the structure of the read rudder; 
shows the block and pixel offsets; 
shows a prediction example; 
shows the read cycle; 
shows the write cycle; 

shows the top-level registers block 
diagram with timing references; 
Figure 156 shows the control for incrementing 

presentation numbers; 

Figure 157 shows the buffer manager state machine 

(complete) ; 

Figure 158 shows the state machine main loop; 

Figure 159 shows the buffer 0 containing an SIF (22 

by 18 macroblocks) picture; 

Figure 160 shows the SIF component 0 with a display 

window; 

Figure 161 shows an example picture format showing 

storage block address; 

Figure 162 shows a buffer 0 containing a SIF (22 by 

18 macroblocks) picture; 



Figure 163 
Figure 164 
machine; 
Figure 165 
Figure 166 
datapath ; 
Figure 167 
Figure 168 
and 

Figure 169 
converter . 



shows an example address calculation; 
shows a write address generation state 

shows a slice of the datapath; 

shows a two cycle operation of the 

shows mode 1 filtering; 

shows a horizontal up-sampler datapath; 
shows the structure of the color-space 



In the ensuing description of the practice of the 
invention, the following terms are frequently used and are 
generally defined by the following glossary: 

GLOSSARY 

BLOCK: An 8-row by 8-column matrix of pels, or 64 DCT 
coefficients (source, quantized or dequantized) . 
CHROMINANCE (COMPONENT): A matrix, block or single pel 
representing one of the two color difference signals related 
to the primary colors in the manner defined in the bit 
stream. The symbols used for the color difference signals 
are Cr and Cb. 

CODED REPRESENTATION: A data element as represented in its 
encoded form* 

CODED VIDEO BIT STREAM: A coded representation of a series of 
one or more pictures as defined in this specification. 
CODED ORDER: The order in which the pictures are transmitted 
and decoded. This order is not necessarily the same as the 
display order. 

COMPONENT: A matrix, block or single pel from one of the 
three matrices (luminance and two chrominance) that make up 
a picture. 

COMPRESSION: Reduction in the number of bits used to 
represent an item of data. 

DECODER: An embodiment of a decoding process. 
DECODING (PROCESS) : The process defined in this specification 
that reads an input coded bitstream and produces decoded 
pictures or audio samples. 

DISPLAY ORDER: The order in which the decoded pictures are 
displayed. Typically, this is the same order in which they 
were presented at the input of the encoder. 

ENCODING (PROCESS): A process, not specified in this 
specification, that reads a stream of input pictures or audio 
samples and produces a valid coded bitstream as defined in 
this specification. 
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INTRA CODING: Coding of a macroblock or picture that uses 
information only from that macroblock or picture. 
LUMINANCE (COMPONENT): A matrix, block or single pel 
5 representing a monochrome representation of the signal and 
related to the primary colors in the manner defined in the 
bit stream. The symbol used for luminance is Y • 
MACROBLOCK: The four 8 by 8 blocks of luminance data and the 
two (for 4:2:0 chroma format) four (for 4:2:2 chroma format) 

10 or eight (for 4:4:4 chroma format) corresponding 8 by 8 
blocks of chrominance data coming from a 16 by 16 section of 
the luminance component of the picture. Macroblock is 
sometimes used to refer to the pel data and sometimes to the 
coded representation of the pel values and other data 

15 elements defined in the macroblock header of the syntax 
defined in this part of this specification. To one of 
ordinary skill in the art, the usage is clear from the 
context . 

MOTION COMPENSATION: The use of motion vectors to improve the 

2 0 efficiency of the prediction of pel values. The prediction 

uses motion vectors to provide offsets into the past and/or 
future reference pictures containing previously decoded pel 
values that are used to form the prediction error signal. 
MOTION VECTOR: A two-dimensional vector used for motion 
25 compensation that provides an offset from the coordinate 
position in the current picture to the coordinates in a 
reference picture. 

NON- INTRA CODING: Coding of a macroblock or picture that uses 
information both from itself and from macroblocks and 

3 0 pictures occurring at other times. 

PEL: Picture element. 

PICTURE: Source, coded or reconstructed image data. A source 
or reconstructed picture consists of three rectangular 
matrices of 8-bit numbers representing the luminance and two 
3 5 chrominance signals. For progressive video, a picture is 
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identical to a frame, while for interlaced video f a picture 
can refer to a frame, or the top field or the bottom field of 
the frame depending on the context. 
5 PREDICTION: The use of a predictor to provide an estimate of 
the pel value or data element currently being decoded, 
REC CONFIGURABLE PROCESS STAGE (RPS) : A stage, which in 
response to a recognized token, reconfigures itself to 
perform various operations. 
10 SLICE: A series of macroblocks. 

TOKEN: A universal adaptation unit in the form of an 
interactive interfacing messenger package for control and/ or 
data functions* 

START CODES [SYSTEM AND VIDEO] : 32-bit codes embedded in a 
15 coded bitstream that are unique. They are used for several 
purposes including identifying some of the structures in the 
coding syntax. 

VARIABLE LENGTH CODING; VLC: A reversible procedure for 
coding that assigns shorter code-words to frequent events and 
2 0 longer code-words to less frequent events. 

VIDEO SEQUENCE: A series of one or more pictures. 
Detailed Descriptions 
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DESCRIPTION OF THE PREFERRED EMBODIMENT (S ) 

As an introduction to the most general features used in a 
pipeline system which is utilized in the preferred 
5 embodiments of the invention, Fig. 1 is a greatly simplified 
illustration of six cycles of a six-stage pipeline- (As is 
explained in greater detail below, the preferred embodiment 
of the pipeline includes several advantageous features not 
shown in Fig 1 . ) . 

10 Referring now to the drawings, wherein like reference 

numerals denote like or corresponding elements throughout the 
various figures of the drawings, and more particularly to 
Fig. 1, there is shown a block diagram of six cycles in 
practice of the present invention. Each row of boxes 

15 illustrates a cycle and each of the different stages are 
labelled A-F, respectively. Each shaded box indicates that 
the corresponding stage holds valid data, i.e., data that is 
to be processed in one of the pipeline stages . After 
processing (which may involve nothing more than a simple 

20 transfer without manipulation of the data) valid data is 
transferred out of the pipeline as valid output data. 

Note that an actual pipeline application may include more 
or fewer than six pipeline stages. As will be appreciated, 
the present invention may be used with any number of pipeline 

25 stages. Furthermore , data may be processed in more than one 
stage and the processing time for different stages can 
differ. 

In addition to clock and data signals (described below) , 
the pipeline includes two transfer control signals — a 

30 "VALID" signal and an "ACCEPT" signal. These signals are 
used to control the transfer of data within the pipeline. 
The VALID signal, which is illustrated as the upper of the 
two lines connecting neighboring stages, is passed in a 
forward or downstream direction from each pipeline stage to 

35 the nearest neighboring device. This device may be another 
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pipeline stage or some other system. For example, the last 
pipeline stage may pass its data on to subsequent processing 
circuitry. The ACCEPT signal, which is illustrated as the 
lower of the two lines connecting neighboring stages, passes 
5 in the other direction upstream to a preceding device. 

A data pipeline system of the type used in the practice of 
the present* invention has, in preferred embodiments, one or 
more of the following characteristics: 

1. The pipeline is "elastic" such that a delay at a 
10 particular pipeline stage causes the minimum disturbance 

possible to other pipeline stages. Succeeding pipeline 
stages are allowed to continue processing and, therefore, 
this means that gaps open up in the stream of data 
following the delayed stage. Similarly, preceding 
15 pipeline stages may also continue where possible. In this 

case, any gaps in the data stream may, wherever possible, 
be removed from the stream of data. 

2. Control signals that arbitrate the pipeline are 
organized so that they only propagate to the nearest 

2Z neighboring pipeline stages. In the case of signals 

flowing in the same direction as the data flow, this is 
the immediately succeeding stage. In the case of signals 
flowing in the opposite direction to the data flow, this 
is the immediately preceding stage. 

25 3. The data in the pipeline is encoded such that many 

different types of data are processed in the pipeline. 
This encoding accommodates data packets of variable size 
and the size of the packet need not be known in advance. 

4. The overhead associated with describing the type cf 
-0 data is as small as -possible. 

5. It is possible for each pipeline stage to recognize 
only the -mimum number of data types that are needed fcr 
its required function. It should, however, still be able 
to pass ail data types onto the succeeding stage ever, 
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though it does not recognize then. This enables 
communication between non-adjacent pipeline stages. 

Although not shown in Fig. 1, there are data lines, 
either single lines or several parallel lines, which form a 
5 data bus that also lead into and out of each pipeline stage. 
As is explained and illustrated in greater detail below, data 
is transferred into, out of, and between the stages of the 
pipeline over the data lines. 

Note that the first pipeline stage may receive data and 
10 control signals from any form of preceding device. For 
example, reception circuitry of a digital image transmission 
system, another pipeline, or the like. On the other hand, it 
may generate itself, all or part of the data to be processed 
in the pipeline. Indeed, as is explained below, a "stage" 
15 may contain arbitrary processing circuitry, including none at 
all (for simple passing of data) or entire systems (for 
example, another pipeline or even multiple systems or 
pipelines), and it may generate, change, and delete data as 
desired . 

20 When a pipeline stage contains valid data that is to be 

transferred down the pipeline, the VALID signal, which 
indicates data validity, need not be transferred further than 
to the immediately subsequent pipeline stage. A two-wire 
interface is, therefore, included between every pair of 

23 pipeline stages in the system. This includes a two-wire 
interface between a preceding device and the first stage, and 
between a subsequent device and the last stage, if such other 
devices are included and data is to be transferred between 
them and the pipeline. 

:o - Each of the signals, ACCEPT and VALID , has a HIGH and a 

LOW value. These values are abbreviated as "H" and "L" , 
respectively. The most common applications of the pipeline, 
m practicing the invention, will typically be digital. In 
such digital implementations, the HIGH value may, for 
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example, be a logical " 1" and the LOW value may be a logical 
"O". The system is not restricted to digital 

implementations, however, and in analog implementations, the 
HIGH value may be a voltage or other similar quantity above 
5 (or below) a set threshold, with the LOW value being 
indicated by the corresponding signal being below (or above) 
the same or some other threshold. For digital applications, 
the present invention may be implemented using any known 
technology, such as CMOS, bipolar etc. 

10 It is not necessary to use a distinct storage device and 

vires to provide for storage of VALID signals. This is true 
even in a digital embodiment. All that is required is that 
the indication of "validity" of the data be stored along with 
the data. By way of example only, in digital television 

15 pictures that are represented by digital values, as specified 
in the international standard CCIR 601, certain specific 
values are not allowed. In this system, eight-bit binary 
numbers are used to represent samples of the picture and the 
values zero and 255 may not be used. 

2 0 If such a picture were to be processed in a pipeline built 

in the practice of the present invention, then one of these 
values (zero, for example) could be used to indicate that the 
data in a specific stage in the pipeline is not valid. 
Accordingly, any non-zero data would be deemed to be valid. 

25 In this example, there is no specific latch that can be 
identified and said to be storing the 11 validness" of the 
associated data. Nonetheless, the validity of the data is 
stored along with the data. 

As shown in Fig. 1, the state of the VALID signal into 

2j each stage is indicated -as an "H M or an "L" on an upper, 
right-pointed arrow. Therefore, the VALID signal from Stage 
A into Stage B is LOW , and the VALID signal from Stage D ir.tr 
Stage E is HIGH. The state of the ACCEPT signal into eacr. 
stage is indicated as an "H 1 ' or an "L" on a lower, left- 
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pointing arrow. Hence, the ACCEPT signal from Stage E into 
Stage D is HIGH, whereas the ACCEPT signal from the device 
connected downstream of the pipeline into Stage F is LOW. 

Data is transferred from one stage to another during a 
cycle (explained below) whenever the ACCEPT signal of the 
downstream stage into its upstream neighbor is HIGH. If the 
ACCEPT signal is LOW between two stages, then data is not 
transferred between these stages. 

Referring again to Fig. 1, if a box is shaded, the 
corresponding pipeline stage is assumed, by way of example, 
to contain valid output data. Likewise, the VALID signal 
which is passed from that stage to the following stage is 
HIGH. Fig. 1 illustrates the pipeline when stages B, D, and 
E contain valid data. Stages A , c, and F do not contain 
valid data. At the beginning, the VALID signal into pipeline 
stage A is HIGH, meaning that the data on the transmission 
line into the pipeline is valid. 

Also at this time, the ACCEPT signal into pipeline stage 
F is LOW, so that no data, whether valid or not, is 
transferred out of Stage F. Note that both valid and invalid 
data is transferred between pipeline stages. Invalid data, 
which is data not worth saving, may be written over, thereby, 
eliminating it from the pipeline. However, valid data must 
not be written over since it is data that must be saved for 
processing or use in a downstream device e.g., a pipeline 
stage, a device or a system connected to the pipeline that 
receives data from the pipeline. 

In the pipeline illustrated in Fig. 1, Stage E contains 
valid data Dl, Stage D contains valid data D2 , Stage 3 
contains valid data 03, and a device (not shown) connected to 
tne pipeline upstream contains data D4 that is to fce 
transferred into and processed in the pipeline. Stages 3, 2 
and E, in addition to the upstream device, contain valid data 
and, therefore, tne VALID signal from these stages or devices 
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into their respective following devices is HIGH. The VALID 
signal from the Stages A, C and F is, however, LOW since 
these stages do not contain valid data. 

Assume now that the device connected downstream from the 
pipeline is not ready to accept data from the pipeline. The 
device signals this by setting the corresponding ACCEPT 
signal LOW into Stage F. Stage F itself, however, does not 
contain valid data and is, therefore, able to accept data 
from the preceding Stage E. Hence, the ACCEPT signal from 
Stage F into Stage E is set HIGH. 

Similarly, Stage E contains valid data and Stage F is 
ready to accept this data. Hence, Stage E can accept new 
data as long as the valid data Dl is first transferred to 
Stage F. In other words, although Stage F cannot transfer 
data downstream, all the other stages can do so without any 
valid data being overwritten or lost. At the end of Cycle 1, 
data can, therefore, be "shifted" one step to the right. 
This condition is shown in Cycle 2. 

In the illustrated example, the downstream device is still 
not ready to accept new data in Cycle 2 and, therefore, the 
ACCEPT signal into Stage F is still LOW. Stage F cannot, 
therefore, accept new data since doing so would cause valid 
data Dl to be overwritten and lost. The ACCEPT signal from 
Stage F into Stage E, therefore, goes LOW, as does the ACCEPT 
signal from Stage E into Stage D since Stage E also contains 
valid data D2 . All of the Stages A-D, however, are able to 
accept new data (either because they do not contain valid 
data or because they are able to shift their valid data 
downstream and accept new data) and they signal this 
condition to their immediately preceding neighbors by setting 
tneir corresponding ACCEPT signals HIGH. 

The state of the pipelines after Cycle 2 is illustrated :r. 
Fig. 1 for the row labelled Cycle 3. By way of example, it 
is assumed that the downstream device is still not ready :: 
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accept new data from Stage F (the ACCEPT signal into Stage F 
is LOW) . Stages E and F , therefore, are still "blocked", but 
in Cycle 3, Stage D has received the valid data D3 , which has 
overwritten the invalid data that was previously in this 
stage. Since Stage D cannot pass on data D3 in Cycle 3, it 
cannot accept new data and, therefore, sets the ACCEPT signal 
into Stage C LOW. However, stages A-C are ready to accept 
new data and signal this by setting their corresponding 
ACCEPT signals HIGH. Note that data D4 has been shifted from 
Stage A to Stage B. 

Assume now that the downstream device becomes ready to 
accept new data in Cycle 4. It signals this to the pipeline 
by setting the ACCEPT signal into Stage F HIGH. Although 
Stages C-F contain valid data, they can now shift the data 
downstream and are, thus, able to accept new data. Since 
each stage is therefore able to shift data one step 
downstream, they set their respective ACCEPT signals out 
HIGH . 

As long as the ACCEPT signal into the final pipeline stage 
(m this example, Stage F) is HIGH, the pipeline shown m 
Fig. 1 acts as a rigid pipeline and simply shifts data one 
step downstream on each cycle. Accordingly, in Cycle 5, data 
Dl, which was contained in Stage F in Cycle 4, is shifted out 
of the pipeline to the subsequent device, and all other data 
is shifted one step downstream. 

Assume now, that the ACCEPT signal into Stage F goes LOW 
in Cycle 5. Once again, this means that Stages D-F are not 
able to accept new data, and the ACCEPT signals out of these 
stages into their immediately preceding neighbors go LOW . 
Hence, the data D2 , D3 and D4 cannot shift downstream, 
nowever, the data D5 can. The corresponding state of "e 
pipeline after Cycle 5 is, thus, shown in Fig. 1 as Cycle 6. 

The ability of the pipeline, in accordance with the 
preferred embodiments of the present invention, to "fill up" 
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empty processing stages is highly advantageous since the 
processing stages in the pipeline thereby become decouple 
from one another. In other words, even though a pipeline 
stage may not be ready to accept data, the entire pipeline 
5 does not have to stop and wait for the delayed stage. 
Rather, when one stage is unable to accept valid data it 
simply forms a temporary "wall" in the pipeline. 
Nonetheless, stages downstream of the "wall" can continue to 
advance valid data even to circuitry connected to the 

10 pipeline, and stages to the left of the "wall" can still 
accept and transfer valid data downstream. Even when several 
pipeline stages temporarily cannot accept new data, other 
stages can continue to operate normally. In particular, the 
pipeline can continue to accept data into its initial stage 

15 A as long as stage A does not already contain valid data that 
cannot be advanced due to the next stage not being ready to 
accept new data. As this example illustrates, data can be 
transferred into the pipeline and between stages even when 
one or more processing stages is blocked. 

2 0 In the embodiment shown in Fig. 1, it is assumed that the 

various pipeline stages do not store the ACCEPT signals they 
receive from their immediately following neighbors. Instead, 
whenever the ACCEPT signal into a downstream stage goes LOW, 
this LOW signal is propagated upstream as far as the nearest 

25 pipeline stage that does not contain valid data. For 
example, referring to Fig. 1, it was assumed that the ACCEPT 
signal into Stage F goes LOW in Cycle 1. In Cycle 2, the LOW 
signal propagates from Stage F back to Stage D. 

In Cycle 3, when the data D3 is latched into Stage D, the 

-j ACCEPT signal propagates upstream four stages to Stage C. 
Wnen the ACCEPT signal into Stage F goes HIGH in Cycle 4, it 
must propagate upstream all the way to Stage C. In other 
words, the change in the ACCEPT signal must propagate back 
four stages. It is not necessary, however, in the embodiment 
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illustrated in Fig. l, for the ACCEPT signal to propagate all 
the way back to the beginning of the pipeline if there is 
some intermediate stage that is able to accept new data. 

In the embodiment illustrated in Fig. i, each pipeline 
stage will still need separate input and output data latches 
to allow data to be transferred between stages without 
unintended overwriting. Also, although the pipeline 
illustrated in Fig. 1 is able to "compress" when downstrean 
pipeline stages are blocked, i.e., they cannot pass on the 
data they contain, the pipeline does not "expand" to provide 
stages that contain no valid data between stages that do 
contain valid data. Rather, the ability to compress depends 
on there being cycles during which no valid data is presented 
to the first pipeline stage. 

In Cycle 4, for example, if the ACCEPT signal into Stage 
F remained LOW and valid data filled pipeline stages A and 3, 
as long as valid data continued to be presented to Stage A 
the pipeline would not be able to compress any further and 
valid input data could be lost. Nonetheless, the pipeline 
illustrated in Fig. l reduces the risk of data loss since it 
is able to compress as long as there is a pipeline stage that 
does not contain valid data. 

Fig. 2 illustrates another embodiment of the pipeline that 
can both compress and expand in a logical manner and vhicn 
includes circuitry that limits propagation of the ACCEPT 
signal to the nearest preceding stage. Although rhe 
circuitry for implementing this embodiment is explained and 
illustrated in greater detail below, Fig. 2 serves :o 
illustrate the principle by which it operates. 

For ease of comparison only, the input data and ^.CCZPZ 
signals into the pipeline embodiment shown in Fig. 2 are tr.e 
same as in the pipeline embodiment shown in Fig. :. 
Accordingly, stages E, D and B contain valid data Dl , 2: 
D3, respectively. The ACCEPT signal into Stage F is LC* 
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data D4 is presented to the beginning pipeline Stage A. In 
Fig. 2, three lines are shown connecting each neighboring 
pair of pipeline stages. The uppermost line, which may be a 
bus, is a data line. The middle line is the line over which 
5 the VALID signal is transferred, while the bottom line is the 
line over which the ACCEPT signal is transferred. Also, as 
before, the ACCEPT signal into Stage F remains LOW except in 
Cycle 4. Furthermore, additional data D5 is presented to the 
pipeline in Cycle 4. 

10 In Fig. 2, each pipeline stage is represented as a block 

divided into two halves to illustrate that each stage in this 
embodiment of the pipeline includes primary and secondary 
data storage elements. In Fig. 2, the primary data storage 
is shown as the right half of each stage. However, it will 

15 be appreciated that this delineation is for the purpose of 
illustration only and is not intended as a limitation. 

As Fig. 2 illustrates, as long as the ACCEPT signal into 
a stage is HIGH, data is transferred from the primary storage 
elements of the stage to the secondary storage elements of 

20 the following stage during any given cycle. Accordingly, 
aithougn the ACCEPT signal into Stage F is LOW , the ACCEPT 
signal into all other stages is HIGH so that the data Dl, D2 
and D3 is shifted forward one stage in Cycle 2 and the data 
D4 is shifted into the first Stage A. 

25 Up to this point, the pipeline embodiment shown in Fig. 2 

acts in a manner similar to the pipeline embodiment shown m 
Fig. 1. The ACCEPT signal from Stage F into Stage E, 
however, is HIGH even though the ACCEPT signal into Stage F 
is LOW. As is explained below, because of the secondary 

:c storage elements, it is hot necessary for the LOW ACCEPT 
signal to propagate upstream beyond Stage F. Moreover, by 
leaving the ACCEPT signal into Stage E HIGH, Stage F signals 
znaz it is ready to accept new data. Since Stage F is net 
able to transfer the data Dl in its primary storage elements 
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downstream (the ACCEPT signal into Stage F is LOW) in Cycle 
3, Stage E must, therefore, transfer the data D2 into the 
secondary storage elements of Stage F . Since both the 
primary and the secondary storage elements of Stage F now 
5 contain valid data that cannot be passed on, the ACCEPT 
signal from Stage F into Stage E is set LOW. Accordingly, 
this represents a propagation of the LOW ACCEPT signal back 
only one stage relative to Cycle 2, whereas this ACCEPT 
signal had to be propagated back all the way to Stage C m 

1C the embodiment shown in Fig. 1. 

Since Stages A-E are able to pass on their data, the 
ACCEPT signals from the stages into their immediately 
preceding neighbors are set HIGH. Consequently, the data D3 
and D4 are shifted one stage to the right so that, in Cycle 

15 4, they are loaded into the primary data storage elements of 
Stage E and Stage C, respectively. Although Stage E no* 
contains valid data D3 in its primary storage elements, its 
secondary storage elements can still be used to store other 
data without risk of overwriting any valid data. 

2 j Assume now, as before, that the ACCEPT signal into Stage 

F becomes HIGH in Cycle 4. This indicates that the 
downstream device to which the pipeline passes data is ready 
to accept data from the pipeline. Stage F, however, has set 
its ACCEPT signal LOW and, thus, indicates to Stage E that 

25 Stage F is not prepared to accept new data. Observe that the 
ACCEPT signals for each cycle indicate what will "happen" m 
the next cycle, that is, whether data will be passed on 
(ACCEPT HIGH) or whether data must remain in place (ACCEPT 
LOW). Therefore, from Cycle 4 to Cycle 5, the data Dl is 
passed- from Stage F to the following device, the data D2 is 
smfted from secondary to primary storage in Stage F , but the 
data C2 m Stage E is not transferred to Stage F. The data 
04 and 05 can be transferred into the following pipeline 
stages as ncrmal since the following stages have their ACCEPT 
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signals HIGH. 

Comparing the state of the pipeline in Cycle 4 and Cycle 
5, it can be seen that the provision of secondary storage 
elements, enables the pipeline embodiment shown in Fig. 2 to 
expand, that is, to free up data storage elements into which 
valid data can be advanced. For example, in Cycle 4, the 
data blocks .Dl, D2 and D3 form a "solid wall" since their 
data cannot be transferred until the ACCEPT signal into Stage 
F goes HIGH. Once this signal does become HIGH, however, 
data Dl is shifted out of the pipeline, data D2 is shifted 
into the primary storage elements of Stage F, and the 
secondary storage elements of Stage F become free to accept 
new data if the following device is not able to receive the 
data D2 and the pipeline must once again "compress." This is 
shown in Cycle 6, for which the data D3 has been shifted into 
the secondary storage elements of Stage F and the data D4 has 
been passed on from Stage D to Stage £ as normal. 

Figs. 3a(l), 3a(2), 3b(l) and 3b(2) (which are referred to 
collectively as Fig. 3) illustrate generally a preferred 
embodiment of the pipeline. This preferred embodiment 
implements the structure shown in Fig. 2 using a two-phase, 
non-overlapping clock with phases 00 and ol. Although a two- 
phase clock is preferred, it will be appreciated that it is 
also possible to drive the various embodiments of the 
invention using a clock with more than two phases. 

As shown in Fig. 3, each pipeline stage is represented as 
having two separate boxes which illustrate the primary and 
secondary storage elements. Also, although the VALID signal 
and the data lines connect the various pipeline stages as 
before, for ease of illustration, only the ACCEPT signal is 
sr.own m Fig. 3. A change of state during a clock phase of 
certain of the ACCEPT signals is indicated in Fig. 3 using an 
upward-pointing arrow fcr changes from LOW to HIGH. 
Similarly, a downward-pointing arrow for changes from HIGH tc 
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LOW. Transfer of data from one storage element to another is 
indicated by a large open arrow. it is assumed that the 
VALID signal out of the primary or secondary storage elements 
of any given stage is HIGH whenever the storage elements 
5 contain valid data. 

In Fig. 3, each cycle is shown as consisting of a full 
period of the non-overlapping clock phases oO and ol. As is 
explained in greater detail below, data is transferred from 
the secondary storage elements (shown as the left box in each 

10 stage) to the primary storage elements (shown as the right 
box in each stage) during clock cycle ol , whereas data is 
transferred from the primary storage elements of one stage to 
the secondary storage elements of the following stage during 
the clock cycle oO . Fig. 3 also illustrates that the primary 

15 and secondary storage elements in each stage are further 
connected via an internal acceptance line to pass an ACCEPT 
signal in the same manner that the ACCEPT signal is passed 
from stage to stage. In this way, the secondary storage 
element will know when it can pass its date to the primary 

20 storage element. 

Fig. 3 shows the ol phase of Cycle l, in which data Dl, D2 
and D3, which were previously shifted into the secondary 
storage elements of Stages E, D and B, respectively, are 
shifted into the primary storage elements of the respective 

25 stage. During the ol phase of Cycle 1, the pipeline, 
therefore, assumes the same configuration as is shown as 
Cycle 1 of Fig. 2. As before, the ACCEPT signal into Stage 
F is assumed to be LOW . As Fig. 3 illustrates, however, this 
means that the ACCEPT signal into the primary storage element 

1 I- of Stage F is LOW, but since this storage element does not 
contain valid data, it sets the ACCEPT signal into its 
secondary storage element HIGH. 

The ACCEPT signal from the secondary storage elements c: 
Stage F into the primary storage elements of Stage E is alsc 
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set HIGH since the secondary storage elements of Stage F do 
not contain valid data. As before, since the primary storage 
elements of Stage F are able to accept data, data in all the 
upstream primary and secondary storage elements can be 
5 shifted downstream without any valid data being overwritten. 
The shift of data from one stage to the next takes place 
during the next oO phase in Cycle 2. For example, the valid 
data Dl contained in the primary storage element of Stage E 
is shifted into the secondary storage element of Stage F , the 

10 data D4 is shifted into the pipeline, that is, into the 
secondary storage element of Stage A, and so forth. 

The primary storage element of Stage F still does not 
contain valid data during the 00 phase in Cycle 2 and, 
therefore, the ACCEPT signal from the primary storage 

15 elements into the secondary storage elements of Stage F 
remains HIGH. During the 01 phase in Cycle 2, data can 
therefore be shifted yet another step to the right, i.e., 
from the secondary to the primary storage elements within 
each stage. 

2 0 However, once valid data is loaded into the primary 

storage elements of Stage F , if the ACCEPT into Stage F from 
the downstream device is still LOW , it is not possible to 
shift data out of the secondary storage element of Stage F 
without overwriting and destroying the valid data Dl. The 

2 5 ACCEPT signal from the primary storage elements into the 
secondary storage elements of Stage F therefore goes LOW. 
Data D2, however, can still be shifted into the secondary 
storage of Stage F since it did not contain valid data and 
its ACCEPT signal out was HIGH. 

:o During the 01 phase of Cycle 3, it is not possible 

sr.ift data D2 into the primary storage elements of Stage F. 
although data can be shifted within all the previous stages. 
Once valid data is loaded into the secondary storage elerer.ts 
of Stage F, however, Stage F is not able to pass on tr..= 
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data. It signals this event setting its ACCEPT signal out 
LOW. 

Assuming that the ACCEPT signal into Stage F remains LOW , 
data upstream of Stage F can continue to be shifted between 
5 stages and within stages on the respective clock phases until 
the next valid data block D3 reaches the primary storage 
elements of Stage E. As illustrated, this condition is 
reached during the ol phase of Cycle 4. 

During the 00 phase of Cycle 5, data D3 has been loaded 

10 into the primary storage element of Stage E. Since this data 
cannot be shifted further, the ACCEPT signal out of the 
primary storage elements of Stage E is set LOW. Upstream 
data can be shifted as normal. 

Assume now, as in Cycle 5 of Fig* 2, that the device 

15 connected downstream of the pipeline is able to accept 
pipeline data. It signals this event by setting the ACCEPT 
signal into pipeline Stage F HIGH during the ol phase of 
Cycle 4. The primary storage elements of Stage F can now 
shift data to the right and they are also able to accept new 

20 data. Hence, the data Dl was shifted out during the ol phase 
of Cycle 5 so that the primary storage elements of Stage F no 
longer contain data that must be saved. During the ol phase 
of Cycle 5, the data 02. is, therefore, shifted within Stage 
F from the secondary storage elements to the primary storage 

25 elements. The secondary storage elements of Stage F are also 
able to accept new data and signal this by setting the ACCEPT 
signal into the primary storage elements of Stage E HIGH. 
During transfer of data within a stage, that is, from its 
secondary to its primary storage elements, both sets of 

Zj storage elements will contain the same data, but the data in 
tr.e secondary storage elements can be overwritten with no 
data loss since this data will also be held in the primary 
storage elements. The same holds true for data transfer from 
the primary storage elements of one stage into the secondary 
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storage elements of a subsequent stage. 

Assume now, that the ACCEPT signal into the primary- 
storage elements of Stage F goes LOW during the ol phase in 
Cycle 5. This means that Stage F is not able to transfer the 
data D2 out of the pipeline. Stage F , consequently, sets the 
ACCEPT signal from its primary to its secondary storage 
elements LOW to prevent overwriting of the valid data D2 . 
The data D2 stored in the secondary storage elements of Stage 
F, however, can be overwritten without loss, and the data D3, 
is therefore, transferred into the secondary storage elements 
of Stage F during the 00 phase of Cycle 6. Data D4 and D5 
can be shifted downstream as normal. Once valid data D3 is 
stored in Stage F along with data D2 , as long as the ACCEPT 
signal into the primary storage elements of Stage F is LOW , 
neither of the secondary storage elements can accept new- 
data, and it signals this by setting the ACCEPT signal into 
Stage E LOW. 

When the ACCEPT signal into the pipeline from the 
downstream device changes from LOW to HIGH or vice versa, 
this change does not have to propagate upstream within the 
pipeline further than to the immediately preceding storage 
elements (within the same stage or within the preceding 
pipeline stage). Rather, this change propagates upstream 
within the pipeline one storage element block per clock 
phase . 

As this example illustrates, the concept of a M stage M m 
the pipeline structure illustrated in Fig, 3 is to some 
extent a matter of perception. Since data is transferred 
within a stage (from the secondary to the primary storage 
elements} as it is between stages (from the primary storage 
eli " en:s of rhe upstream stage into the secondary storage 
elements of the neighboring downstream stage), one could ]us: 
as well consider a stage to consist of "primary" storace 
elements followed by "secondary storage elements" instead c: 



as illustrated in Fig. 3. The concept of "primary" and 
"secondary" storage elements is, therefore, mostly a question 
of labeling. In rig. 3, the "primary" storage elements can 
also be referred to as "output" storage elements, since they 
5 are the elements from which data is transferred out of a 
stage into a following stage or device, and the "secondary" 
storage elements could be "input" storage elements for the 
same stage. 

In explaining the aforementioned embodiments, as shown in 

10 Figs, 1-3, only the transfer of data under the control of the 
ACCEPT and VALID signals has been mentioned. It is to be 
further understood that each pipeline stage may also process 
the data it has received arbitrarily before passing it 
between its internal storage elements or before passing it to 

15 the following pipeline stage. Therefore, referring once 
again to Fig. 3, a pipeline stage can, therefore, be defined 
as the portion of the pipeline that contains input and output 
storage elements and that arbitrarily processes data stored 
m its storage elements. 

2 0 Furthermore, the "device" downstream from the pipeline 

Stage F, need not be some other type of hardware structure, 
but rather it can be another section of the same or part of 
another pipeline. As illustrated below, a pipeline stage can 
set its ACCEPT signal LOW not only when ail of the downstream 

25 storage elements are filled with valid data, but also when a 
stage requires more than one clock phase to finish processing 
its data. This also can occur when it creates valid data in 
one or both of its storage elements. In other words, it is 
not necessary for a stage simply to pass on the ACCEPT signal 

ZZ based on whether or not the immediately downstream storage 
elements contains valid data that cannot be passed cn. 
Rather, the ACCEPT signal itself may also be altered within 
tne stage or, by circuitry external to the stage, m order :: 
control the passage of data between adjacent storage 
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elements. The VALID signal may also be processed in an 
analogous manner. 

A great advantage of the two-wire interface (one wire for 
each of the VALID and ACCEPT signals) is its ability to 
control the pipeline without the control signals needing to 
propagate back up the pipeline all the way to its beginning 
stage. Referring once again to Fig. 1, Cycle 3, for example, 
although stage F "tells" stage E that it cannot accept data, 
and stage E tells stage D, and stage D tells stage C. 
Indeed, if there had been more stages containing valid data, 
then this signal would have propagated back even further 
along the pipeline. In the embodiment shown in Fig. 3, Cycle 
3, the LOW ACCEPT signal is not propagated any further 
upstream than to Stage E and, then, only to its primary 
storage elements. 

As described below, this embodiment is able to achieve 
this flexibility without adding significantly to the silicon 
area that is required to implement the design. Typically, 
each latch m the pipeline used for data storage requires 
only a single extra transistor (which lays out very 
efficiently in silicon). In addition, two extra latches and 
a small number of gates are preferably added to process the 
ACCEPT and VALID signals that are associated with the data 
latches in each half-stage. 

Fig. 4 illustrates a hardware structure that implements a 
stage as shown in Fig, 3, 

By way of example only, it is assumed that eight-bit data 
is to be transferred (with or without further manipulation m 
optional combinatorial logic circuits) in parallel through 
tne pipeline. However, -it will be appreciated that either 
rare cr less than eight-bit data can be used in practicing 
the invention. Furthermore, the two-wire interface ir. 
accordance with this embodiment is, however, suitable for :se 
-ith any data bus width, and the data bus width may ever 
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change from one stage to the next if a particular application 
so requires. The interface in accordance with this 
embodiment can also be used to process analog signals. 

As discussed previously, while other conventional timing 
arrangements may be used, the interface is preferably 
controlled by a two-phase, non-overlapping clock. In Figs. 
4-9, these clock phase signals are referred to as PHO and 
PHI. In Fig. 4, a line is shown for each clock phase signal. 

Input data enters a pipeline stage over a multi-bit data 
bus IN_DATA and is transferred to a following pipeline stage 
or to subsequent receiving circuitry over an output data bus 
OUT_DATA. The input data is first loaded in a manner 
described below into a series of input latches (one for each 
input data signal) collectively referred to as LDIN, which 
constitute the secondary storage elements described above. 

In the illustrated example of this embodiment, it is 
assumed that the Q outputs of all latches follow their D 
inputs, that is, they are "loaded", when the clock input is 
HIGH, i.e., at a logic "1" level. Additionally, the Q 
outputs hold their last values. In other words, the Q 
outputs are "latched" on the falling edge of their respective 
clock signals. Each latch has for its clock either one of 
two non-overlapping clock signals PHO or PHI (as shown in 
Fig. 5) , or the logical AND combination of one of these clock 
signals PHO, PHI and one logic signal. The invention works 
equally well, however, by providing latches that latch on the 
rising edges of the clock signals, or any other known 
latching arrangement, as long as conventional methods are 
applied to ensure proper timing of the latching operations. 

The output data from the input data latch LDIN passes via 
an arbitrary and optional combinatorial logic circuit El, 
which may be provided to convert output data from input later. 
LDIN into intermediate data, which is then later loaded m an 
output data latch LDOLT , which comprises the primary sicrace 
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elements described above. The output from the output data 
latch LDOUT may similarly pass through an arbitrary and 
optional combinatorial logic circuit B2 before being passed 
onward as OUT_DATA to the next device downstream. This may 
5 be another pipeline stage or any other device connected to 
the pipeline. 

In the practice of the present invention, each stage of 
the pipeline also includes a validation input latch LVIN, a 
validation output latch LVOUT, an acceptance input latch 

10 LAIN, and an acceptance output latch LAOUT. Each of these 
four latches is, preferably, a simple, single-stage latch. 
The outputs from latches LVIN , LVOUT, LAIN and LAOUT are, 
respectively, QVIN, QVOUT, QAIN, QAOUT . The output signal 
QVIN from the validation input latch is connected either 

15 directly as an input to the validation output latch LVOUT, or 
via intermediate logic devices or circuits that may alter the 
signal . 

Similarly, the output validation signal QVOUT of a given 
stage may be connected either directly to the input of the 

20 validation input latch QVIN of the following stage, or via 
intermediate devices or logic circuits, which may alter the 
validation signal. This output QVIN is also connected to a 
logic gate (to be described below), whose output is connected 
to the input of the acceptance input latch LAIN. The output 

2 5 QAOUT from the acceptance output latch LAOUT is connected to 
a similar logic gate (described below) , optionally via 
another logic gate. 

As shown in Fig. 4, the output validation signal QVOUT 
forms an OUT_VALID signa that can be received by subsequent: 

20 stages as an IN_VALID signal, or simply to indicate valid 
data to subsequent circuity connected to the pipeline. The 
readiness of the following circuit or stage to accept data is 
indicated to each stage as the signal 0UT_ACCEPT, which is 
connected as the input to the acceptance output latch LA0U7, 
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preferably via logic circuitry, which is described below. 
Similarly, the output QAOUT of the acceptance output latch 
LAOUT is connected as the input to the acceptance input latch 
LAIN, preferably via logic circuitry, which is described 
5 below. 

In practicing the present invention, the output signals 
QVIN, QVOUT" from the validation latches LVIN, LVOUT are 
combined with the acceptance signals QAOUT, OUT_ACCEPT , 
respectively, to form the inputs to the acceptance latches 

10 LAIN, LAOUT , respectively. In the embodiment illustrated m 
Fig. 4, these input signals are formed as the logical NAND 
combination of the respective validation signals QVIN, QVOUT , 
with the logical inverse of the respective acceptance output 
signals QAOUT, OUT_ACCEPT. Conventional logic gates, NAND1 

15 and NAND2 , perform the NAND operation, and the inverters 
INVi, INV2 form the logical inverses of the respective 
acceptance signals , 

As is well Known in the art of digital design, the output 
from a NAND gate is a logical "l" when any or all of its 

20 input signals are in the logical "0" state. The output from 
a NAND gate is, therefore, a logical "0" only when all of its 
inputs are in the logical "1" state. Also well known in the 
art, is that the output -of a digital inverter such as INVi is 
a logical "l" when its input signal is a "0" and is a "0" 

2 5 when its input signal is a " i" 

The inputs to the NAND gate NAND1 are, therefore, QVIN and 
NOT (QAOUT), where "NOT" indicates binary inversion. Using 
known techniques, the input to the acceptance latch LAIN can 
be resolved as follows: 

10 - NAND (QVIN , NOT (QAOUT) J = NOT(QVIN) OR QAOUT 

In ether words, the combination of the inverter INVI and 
the NAND gate NAND 1 is a logical "i" either when the signal 
QVIN is a "0" or the signal QAOUT is a "l" , or both. The 
gate NAND1 and the inverter INVi can, therefore, be 
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implemented toy a single OR gate that has one of its inputs 
tied directly to the QAOUT output of the acceptance latch 
LA OUT and its other input tied to the inverse of the output 
signal QVIN of the validation input latch LVIN. 
5 As is well known in the art of digital design, many 

latches suitable for use as the validation and acceptance 
latches may have two outputs, Q and NOT (Q) , that is, Q and 
its logical inverse. If such latches are chosen, the one 
input to the OR gate can, therefore, be tied directly to the 

10 NOT (Q) output of the validation latch LVIN . The gate NAND1 
and the inverter INVi can be implemented using well known 
conventional techniques* Depending on the latch architecture 
used, however, it may be more efficient to use a latch 
without an inverting output, and to provide instead the gate 

15 NAND1 and the inverter INVI , both of which also can be 
implemented efficiently in a silicon device. Accordingly, 
any known arrangement may be used to generate the Q signal 
and/or its logical inverse. 

The data and validation latches LDIN , LDOUT , LVIN and 

20 LVOUT, load their respective data inputs when both clock 
signals (PHO at the input side and PHI at the output side) 
and the output from the acceptance latch of the same side are 
logical "1". Thus, the clock signal (PHO for the input 
latches LDIN and LVIN) and the output of the respective 

23 acceptance latch (in this case, LAIN) are used in a logical 

AND manner and data is loaded only when they are both logical 
n ^ n 

In particular applications, such as CMOS implementations 
of the latches, the logical AND operation that controls the 
:o leading (via the illustrated CK or enabling "input") of tne 
latches can be implemented easily in a conventional manner cy 
connecting the respective enabling input signals {for 
example, PHO and QAIN for the latches LVIN and LDIN) , to tne 
gates of MOS transistors connected m series in the input 
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lines of the latches. Consequently, is necessary to provide 
an actual logic AND gate, which might cause problems of 
timing due to propagation delay in high-speed applications. 
The AND gate shown in the figures, therefore, only indicates 
the logical function to be performed in generating the enable 
signals of the various latches. 

Thus, the data latch LDIN loads input data only when PHO 
and QAIN are both "1", It will latch this data when either 
of these two signals goes to a "0 M . 

Although only one of the clock phase signals PHO or PHI, 
is used to clock the data and validation latches at the input 
(and output) side of the pipeline stage, the other clock 
phase signal is used, directly, to clock the acceptance latch 
at the same side. In other words, the acceptance latch on 
either side (input or output) of a pipeline stage is 
preferably clocked "out of phase" with the data and 
validation latches on the same side. For example, PHI is 
used to clock the acceptance input latch, although PHO is 
used m generating the clock signal CK for the data latch 
LDIN and the validation latch LVIN. 

As an example of the operation of a pipeline augmented by 
the two-wire validation and acceptance circuitry assume that 
no valid data is initially presented at the input to the 
circuit, either from a preceding pipeline stage, or from a 
transmission device. In other words, assume that the 
validation input signal IN_VALID to the illustrated stage has 
not gone to a "1" since the system was most recently reset. 
Assume further that several clock cycles have taken place 
since the system was last reset and, accordingly, the 
zircuitry has reached a steady-state condition. The 
validation input signal QVIN from the validation latch LVIN* 
is, therefore, loaded as a "0" during the next positive 
period of the clock PHO. The input to the acceptance ir.cut 
latch LAIN ('via the gate NAND1 or another equivalent gate,, 
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is, therefore, loaded as a "1" during the next positive 
period of the clock signal PHI. In other words, since the 
data in the data input latch LDIN is not valid, the stage 
signals that it is ready to accept input data (since it does 
not hold any data worth saving) , 

In this example, note that the signal IN_ACCEPT is used to 
enable the data and validation latches LDIN and LVIN* Since 
the signal IN_ACCEPT at this time is a "1", these latches 
effectively work as conventional transparent latches so that 
whatever data is on the IN_DATA bus simply is loaded into the 
data latch LDIN as soon as the clock signal PHO goes to a 
M l". Of course, this invalid data will also be loaded into 
the next data latch LDOUT of the following pipeline stage as 
long as the output QAOUT from its acceptance latch is a "l". 

Hence, as long as a data latch does not contain valid 
data, it accepts or "loads" any data presented to it during 
the next positive period of its respective clock signal. On 
the other hand, such invalid data is not loaded in any stage 
for which the acceptance signal from its corresponding 
acceptance latch is low (that is, a "0"). Furthermore, the 
output signal from a validation latch (which forms the 
validation input signal to the subsequent validation latch) 
remains a M 0" as long as the corresponding IN_VALID (or QVIN) 
signal to the validation latch is low. 

When the input data to a data latch is valid, the 
validation signal IN_VALID indicates this by rising to a "l", 
The output of the corresponding validation latch then rises 
to a "l" on the next rising edge of its respective clock 
phase signal. For example, the validation input signal QVIN' 
of latch LVIN rises to a "l" when its corresponding IN_7ALI0 
signal goes high (that is, rises to a "1") on the next rising 
edge of the clock phase signal PHO . 

Assume now, instead, that the data input latch LZi:. 
contains valid data. If the data output latch LDOUT is res:.. 
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to accept new data, its acceptance signal QAOUT will be a 
"1". In this case, during the next positive period of the 
clock signal PHI, the data latch LDOUT and validation latch 
LVOL'T will be enabled, and the data latch LDOUT will load the 
data present at its input. This will occur before the next 
rising edge of the other clock signal PHO, since the clock 
signals are non-overlapping. At the next rising edge of pho, 
the preceding data latch (LDIN) will, therefore, not latch in 
new input data from the preceding stage until the data output 
latch LDOUT has safely latched the data transferred from the 
latch LDIN. 

Accordingly, the same sequence is followed by every 
adjacent pair of data latches (within a stage or between 
adjacent stages) that are able to accept data, since they 
will be operating based on alternate phases of the clock. 
Any data latch that is not ready to accept new data because 
it contains valid data that cannot yet be passed, will have 
an output acceptance signal (the QA output from its 
acceptance latch LA) that is LOW , and its data latch LDIN or 
LDOUT will not be loaded. Hence, as long as the acceptance 
signal (the output from the acceptance latch) of a given 
stage or side (input or output) of a stage is LOW, its 
corresponding data latch will not be loaded. 

Fig. 4 also shows a reset feature included in a preferred 
embodiment. In the illustrated example, a reset signal 
NOTRESETO is connected to an inverting reset input R 
(inversion is hereby indicated by a small circle, as is 
conventional) of the validation output latch LVOUT. As is 
well known, this means that the validation latch LVOUT will 
ce forced to output a "0" whenever the reset signal NOTRESETO 
cecor.es a "0". One advantage of resetting the latch when the 
reset signal goes low (becomes a "0") is that a break ir, 
transmission will reset the latches. They will then be ir, 
tneir "null" or reset state whenever a valid transmission 
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begins and the reset signal goes HIGH. The reset signal 
NOTRESET0, therefore, operates as a digital "ON/OFF M switch, 
such that it must be at a HIGH value in order to activate the 
pipel ine . 

5 Note that it is not necessary to reset all of the latches 

that hold valid data in the pipeline. As depicted in Fig. 4, 
the validation input latch LVIN is not directly reset by the 
reset signal NOTRESET0 , but rather is reset indirectly. 
Assume that the reset signal NOTRESET0 drops to a "O". The 

10 validation output signal QVOUT also drops to a "0", 
regardless of its previous state, whereupon the input to the 
acceptance output latch LAOUT (via the gate NAND1) goes HIGH. 
The acceptance output signal QAOUT also rises to a "i M , This 
QAOUT value of "1" is then transferred as a "1" to the input 

15 of the acceptance input latch LAIN regardless of the state of 
the validation input signal QVIN. The acceptance input 
signal QAIN then rises to a "1" at the next rising edge of 
the clock signal PHI. Assuming that the validation signal 
IN_VALID has been correctly reset to a "0", then upon the 

20 subsequent rising edge of the clock signal PHO, the output 
from the validation latch LVIN will become a "0" , as it would 
have done if it had been reset directly. 

As this example illustrates, it is only necessary to reset 
the validation latch in only one side of each stage 

25 (including the final stage) in order to reset all validation 
latches. In fact, in many applications, it will not be 
necessary to reset every other validation latch: If the 
reset signal NOTRESET0 can be guaranteed to be low during 
more than one complete cycle of both phases PHO, PHI of the 

30 clock, then the "automatic reset" (a backwards propagation of 
the reset signal) will occur for validation latches m 
preceding pipeline stages. Indeed, if the reset signal is 
held low for at least as many full cycles of both phases of 
the clock as there are pipeline stages, it will only ce 
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necessary to directly reset the validation output latch in 
the final pipeline stage. 

Figs, 5a and 5b (referred to collectively as Fig. 5) 
illustrate a timing diagram showing the relationship between 
5 the non-overlapping clock signals PHO, PHI, the effect of the 
reset signal, and the holding and transfer of data for the 
different permutations of validation and acceptance signals 
into and between the two illustrated sides of a pipeline 
stage configured in the embodiment shown in Fig. 4. In the 

10 example illustrated in the timing diagram of Fig. 5, it has 
been assumed that the outputs from the data latches LDIN, 
LDOUT are passed without further manipulation by intervening 
logic blocks Bl, B2 . This is by way of example and not 
necessarily by way of limitation. It is to be understood 

15 that any combinatorial logic structures may be included 
between the data latches of consecutive pipeline stages, or 
between the input and output sides of a single pipeline 
stage. The actual illustrated values for the input data (for 
example the HEX data words "aa" or "04") are also merely 

20 illustrative. As is mentioned above, the input data bus nay 
have any width (and may even be analog) , as long as the data 
latches or other storage devices are able to accommodate and 
latch or store each bit or value of the input word. 

Preferred Data Structure - "tokens" 

25 In the sample application shown in Fig. 4, each stage 

processes all input data, since there is no control circuitry 
that excludes any stage from allowing input data to pass 
through its combinatorial logic block Bl, B2 , and so forth. 
To provide greater flexibility, the present invention 

30 includes a data structure in which "tokens" are used to 
distribute data and control information throughout the 
system. Each token consists of a series of binary bits 
separated into one or more blocks of token words. 
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Furthermore, the bits fall into one of three types: address 
bits (A) , data bits (D) , or an extension bit (E) . Assume by 
way of example and, not necessarily by way of limitation, 
that data is transferred as words over an 8-bit bus with a i- 
5 bit extension bit line. An example of a four-word token is, 
in order of transmission: 



First word: 


E 


A 


A 


A 


D 


D 


D 


D 


D 


Second word: 


E 


D 


D 


D 


D 


D 


D 


D 


D 


Third word: 


E 


D 


D 


D 


D 


D 


D 


D 


D 


Fourth word: 


E 


D 


D 


D 


D 


D 


D 


D 


D 



Note that the extension bit E is used as an addition 
(preferably) to each data word. In addition, the address 
field can be of variable length and is preferably transmitted 
just after the extension bit of the first word, 

15 Tokens, therefore, consist of one or more words of 

(binary) digital data in the present invention. Each of 
these words is transferred in sequence and preferably in 
parallel, although this method of transfer is not necessary: 
serial data transfer is also possible using known techniques. 

20 For example, in a video parser, control information is 
transmitted in parallel, whereas data is transmitted 
serially. 

As the example illustrates, each token has, preferably at 
the start, an address field (the string of A-bits) that 

25 identifies the type of data that is contained in the token. 
In most applications, a single word or portion of a word is 
sufficient to transfer the entire address field, but this is 
not necessary in accordance with the invention, so long as 
logic circuitry is included in the corresponding pipeline 

3 1 stages tnat is able to store some representation of partial 
address fields long enough for the stages to receive s"2 
decode the entire address field. 
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Note that no dedicated vires or registers are required to 
transmit the address field. It is transmitted using the data 
bits. As is explained below, a pipeline stage will not be 
slowed down if it is not intended to be activated by the 
5 particular address field, i.e., the stage will be able to 
pass along the token without delay. 

The remainder of the data in the token following the 
address field is not constrained by the use of tokens. These 
D-data bits may take on any values and the meaning attached 

iv to these bits is of no importance here. That is, the meaning 
of the data can vary, for example, depending upon where the 
data is positioned within the system at a particular point in 
time. The number of data bits D appended after the address 
field can be as long or as short as required, and the number 

15 of data words in different tokens may vary greatly. The 
address field and extension bit are used to convey control 
signals to the pipeline stages. Because the number of words 
m the data field (the string of D bits) can be arbitrary, as 
can be the information conveyed in the data field can also 

20 vary accordingly. The explanation below is, therefore, 
directed to the use of the address and extension bits. 

In the present invention, tokens are a particularly useful 
data structure when a number of blocks of circuitry are 
connected together in a relatively simple configuration. The 

25 simplest configuration is a pipeline of processing steps. 
For example, in the one shown in Fig. 1. The use of tokens, 
however, is not restricted to use on a pipeline structure. 

Assume once again that each box represents a complete 
pipeline stage. In the pipeline of Fig. 1, data flows frcr 

:■: left to right in the diagram. Data enters the machine ar.n 
passes into processing Stage A. This may or may not rcdif/ 
the data and it then passes the data to Stage 3. The 
-edification, if any, may be arbitrarily complicated and, 
general, there will not be the same number of data :t~-s 
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flowing into any stage as flow out. Stage B modifies the 
data again and passes it onto Stage C, and so forth. In a 
scheme such as this, it is impossible for data to flow in the 
opposite direction, so that, for example, Stage C cannot pass 
data to Stage A. This restriction is often perfectly 
acceptable . 

On the other hand, it is very desirable for Stage A to be 
able to communicate information to Stage C even though there 
is no direct connection between the two blocks. Stage A and 
C communication is only via Stage B. One advantage of the 
tokens is their ability to achieve this kind of 
communication. Since any processing stage that does not 
recognize a token simply passes it on unaltered to the next 
block . 

According to this example, an extension bit is transmitted 
along with the address and data fields in each token so that 
a processing stage can pass on a token (which can be of 
arbitrary length) without having to decode its address at 
ail. According to this example, any token in which the 
extension bit is HIGH (a "l") is followed by a subsequent 
word which is part of the same token. This word also has an 
extension bit, which indicates whether there is a further 
token word in the token. When a stage encounters a token 
word whose extension bit is LOW (a "0") , it is known to be 
the last word of the token. The next word is then assumed to 
be the first word of a new token. 

Note that although the simple pipeline of processing 
stages is particularly useful, it will be appreciated that 
tokens may be applied to more complicated configurations cf 
processing elements. An example cf a more complicated 
processing element is described below. 

It is not necessary, in accordance with the present 
invention, to use the state of the extension bit to signal 
the last word of a given token by giving it an extension bit 
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set to "0". One alternative to the preferred scheme is to 
move the extension bit so that it indicates the first word of 
a token instead of the last* This can be accomplished with 
appropriate changes in the decoding hardware* 
5 The advantage of using the extension bit of the present 

invention to signal the last word in a token rather than the 
first, is that it is often useful to modify the behavior of 
a block of circuitry depending upon whether or not a token 
has extension bits. An example of this is a token that 
10 activates a stage that processes video quantization values 
stored in a quantization table (typically a memory device) . 
For example, a table containing 64 eight-bit arbitrary binary 
integers. 

In order to load a new quantization table into the 

15 quantizer stage of the pipeline, a "QUANTJTABLE" token is 
sent to the quantizer. In such a case the token, for 
example, consists of 65 token words. The first word contains 
tne code n QUANT_TABLE M , i.e., build a quantization table. 
This is followed by 64 words, which are the integers of the 

20 quantization table. 

When encoding video data, it is occasionally necessary to 
transmit such a quantization table. In order to accomplish 
this function, a QUANT_TABLE token with no extension words 
can be sent to the quantizer stage. On seeing this token, 

2 5 and noting that the extension bit of its first word is LOW, 
the quantizer stage can read out its quantization table and 
construct a QUANTJTABLE token which includes the 64 
quantization table values. The extension bit of the first 
word (which was LOW) is changed so that it is HIGH and the 

Zj token continues, with HIGH extension bits, until the new end 
c: the token, indicated by a LOW extension bit on the sixty 
fourth quantization table value. This proceeds in the 
typical way through the system and is encoded into the bit 
strear,. 
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Continuing with the example, the quantizer may either load 
a new quantization table into its own memory device or read 
out its table depending on whether the first word of the 
QUANT_TABLE token has its extension bit set or not. 

The choice of whether to use the extension bit to signal 
the first or last token word in a token will, therefore, 
depend on the system in which the pipeline will be used. 
Both alternatives are possible in accordance with the 
invention. 

Another alternative to the preferred extension bit scheme 
is to include a length count at the start of the token. Such 
an arrangement may, for example, be efficient if a token is 
very long. For example, assume that a typical token in a 
given application is 1000 words long. Using the illustrated 
extension bit scheme (with the bit attached to each token 
word) , the token would require 1000 additional bits to 
contain all the extension bits. However, only ten bits would 
be required to encode the token length in binary form. 

Although there are, therefore, uses for long tokens, 
experience has shown that there are many uses for short 
tokens. Here the preferred extension bit scheme is 
advantageous. If a token is only one word long, then only 
one bit is required to signal this. However, a counting 
scheme would typically require the same ten bits as before. 

Disadvantages of a length count scheme include the 
following: 1) it is inefficient for short tokens; 2) it 
places a maximum length restriction on a token (with only ten 
bits, no more than 1023 words can be counted); 3) the length 
cf a token must be known in advance of generating the count 
(which is presumably at .the start of the token); 4) every 
clock of circuitry that deals with tokens would need to be 
provided with hardware to count words; and 5) if the ccur.t 
should get corrupted (due to a data transmission error} it is 
not clear whether recovery can be achieved. 
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The advantages of the extension bit scheme in accordance 
with the present invention include: 1) pipeline stages need 
not include a block of circuitry that decodes every token 
since unrecognized tokens can be passed on correctly by 
5 considering only the extension bit; 2} the coding of the 
extension bit is identical for all tokens; 3) there is no 
limit placed on the length of a token; 4} the scheme is 
efficient (in terms of overhead to represent the length of 
the token) for short tokens; and 5) error recovery is 

10 naturally achieved. If an extension bit is corrupted then 
one random token will be generated (for an extension bit 
corrupted from "l" to "0") or a token will be lost (extension 
bit corrupted "0" to "l") . Furthermore, the problem is 
localized to the tokens concerned* After that token, correct 

15 operation is resumed automatically. 

In addition, the length of the address field may be 
varied. This is highly advantageous since it allows the most 
common tokens to be squeezed into the minimum number cf 
words. This, in turn, is of great importance in video data 

20 pipeline systems since it ensures that all processing stages 
can be continuously running at full bandwidth. 

In accordance to the present invention, m order to allow 
variable length address fields, the addresses are chosen so 
that a short address followed by random data can never be 

25 confused with a longer address* The preferred technique for 
encoding the address field (which also serves as the "code" 
for activating an intended pipeline stage) is the well-known 
technique first described by Huffman, hence the common name 
"Huffman Code". Nevertheless, it will be appreciated by one 

Zj of. ordinary skill in the art, that other coding schemes may 
also be successfully employed. 

Although Huffman encoding is well understood in the field 
cf digital design, the following example provides a general 
background ; 
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Huffman codes consist of words made up of a string of 
symbols (in the context of digital systems, such as the 
present invention, the symbols are usually binary digits) . 
The code words may have variable length and the special 
5 property of Huffman code words is that a code word is chosen 
so that none of the longer code words start with the symbols 
that form a shorter code word. In accordance with the 
invention, token address fields are preferably (although not 
necessarily) chosen using known Huffman encoding techniques. 

10 Also in the present invention, the address field 

preferably starts in the most significant bit (MSB) of the 
first word token. (Note that the designation of the MSB is 
arbitrary and that this scheme can be modified to accommodate 
various designations of the MSB.) The address field 

15 continues through contiguous bits of lesser significance. 
If, in a given application, a token address requires more 
than one token word, the least significant bit in any given 
word the address field will continue in the most significant 
bit of the next word. The minimum length of the address 

20 field is one bit. 

Any of several known hardware structures can be used to 
generate the tokens used in the present invention. One such 
structure is a microprogrammed state machine. However, known 
microprocessors or other devices may also be used. 

2 5 The principle advantage of the token scheme in accordance 

with the present invention, is its adaptability :o 
unanticipated needs. For example, if a new token is 
introduced, it is most likely that this will affect only a 
small number of pipeline stages. The most likely case is 

:c tnar only two stages or * blocks of circuitry are affected, 
i.e., the one block that generates the tokens in the : :rs: 
place and the block or stage that has been newly designed :r 
modified to deal with this new token. Mote that it is r.zz 
necessary to modify any other pipeline stages. Rather, tr.ese 
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will be able to deal with the new token without modification 
to their designs because they will not recognize it and will, 
accordingly, pass that token on unmodified. 

This ability of the present invention to leave 
5 substantially existing designed devices unaffected has clear 
advantages. It may be possible to leave some semiconductor 
chips in a- chip set completely unaffected by a design 
improvement in some other chips in the set. This is 
advantageous both from the perspective of a customer and from 

10 that of a chip manufacturer. Even if modifications mean that 
all chips are affected by the design change (a situation that 
becomes increasingly likely as levels of integration progress 
so that the number of chips in a system drops) there will 
still be the considerable advantage of better time-to-market 

15 than can be achieved, since the same design can be reused. 

In particular, note the situation that occurs when it 
becomes necessary to extend the token set to include two word 
addresses. Even in this case, it is still not necessary to 
modify an existing design. Token decoders in the' pipeline 

20 stages will attempt to decode the first word of such a token 
and will conclude that it does not recognize the token. It 
will then pass on the token unmodified using the extension 
bit to perform this operation correctly. It will not attempt 
to decode the second word of the token (even though this 

25 contains address bits) because it will "assume 11 that the 
second word is part of the data field of a token that it does 
not recognize. 

In many cases, a pipeline stage or a connected block cf 
circuitry will modify a token. This usually, but not 
:c necessarily, takes the form of modifying the data field of a 
token. In addition, it is common for the number of data 
words m the token to be modified, either by removing certain 
data words or by adding new ones. In some cases, tokens are 
rer.cved entirely from the token stream. 
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In most applications, pipeline stages will typically only 
decode (be activated by) a few tokens; the stage does not 
recognize other tokens and passes them on unaltered. In a 
large number of cases , only one token is decoded, the DATA 
5 Token word itself. 

In many applications, the operation of a particular stage 
will depend upon the results of its own past operations. The 
"state" of the stage, thus, depends on its previous states. 
In other words, the stage depends upon stored state 

10 information, which is another way of saying it must retain 
some information about its own history one or more clock 
cycles ago. The present invention is well-suited for use in 
pipelines that include such "state machine" stages, as well 
as for use in applications in which the latches in the data 

15 path are simple pipeline latches. 

The suitability of the two-wire interface, in accordance 
with the present invention, for such "state machine" circuits 
is a significant advantage of the invention. This is 
especially true where a data path is being controlled by a 

20 state machine. In this case, the two-wire interface 
technique above-described may be used to ensure that the 
"current state" of the machine stays in step with the data 
which it is controlling in the pipeline. 

Fig. 6 shows a simplified block diagram of one example of 

25 circuitry included in a pipeline stage for decoding a token 
address field. This illustrates a pipeline stage that has 
the characteristics of a "state machine". Each word of a 
token includes an "extension bit" which is HIGH if there are 
r.ore words in the token or LOW if this is the last word cf 

2C the token. If this is the last word of a token, the next 
valid data word is the start of a new token and, therefore, 
its address must be decoded. The decision as to whether or 
not to decode the token address in any given word, thus, 
depends upon knowing the value of the previous extension bit. 
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For the sake of simplicity only, the two-wire interface 
(with the acceptance and validation signals and latches) is 
not illustrated and all details dealing with resetting the 
circuit are omitted. As before, an 8-bit data word is 
5 assumed by way of example only and not by way of limitation* 
This exemplifying pipeline stage delays the data bits and 
the extension bit by one pipeline stage. It also decodes the 
DATA Token. At the point when the first word of the DATA 
Token is presented at the output of the circuit, the signal 

10 "DATA_ADDR 11 is created and set HIGH. The data bits are 
delayed by the latches LDIN and LDOUT , each of which is 
repeated eight times for the eight data bits used in this 
example (corresponding to an 8-input, 8-output latch) . 
Similarly, the extension bit is delayed by extension bit 

15 latches LEIN and LEOUT . 

In this example, the latch LEPREV is provided to store the 
nosi recent state of the extension bit. The value of the 
extension bit is loaded into LEIN and is then loaded into 
LEOUT on the next rising edge of the non-overlapping clock 

20 phase signal PHI. Latch LEOUT, thus, contains the value of 
the current extension bit, but only during the second half of 
the non-overlapping, two-phase clock. Latch LEPREV, however, 
loads this extension bit value on the next rising edge of the 
clock signal PHO, that is, the same signal that enables the 

2 5 extension bit input latch LEIN. The output QEPREV of the 
latch LEPREV, thus, will hold the value of the extension bit 
during the previous PHO clock phase. 

The five bits of the data word output from the inverting 
Q output, plus the non-inverted MD[2j, of the latch LDIN are 

2 0 combined with the previous extension bit value QEPREV in a 
series of logic gates NAND1, NAND2, and NOR1, whose 
cperations are well known in the art of digital design. The 
designation "N_MD [ m ] indicates the logical inverse of bit r. 
cf the mid-data word MD^":C;. Using known techniques cf 
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Boolean algebra, it can be shown that the output signal SA 
from this logic block (the output from NOR1) is HIGH (a H l") 
only when the previous extension bit is a "0" (QPREV="O n ) and 
the data word at the output of the non-inverting Q latch (the 
original input word) LDIN has the structure "OOOOOlxx", that 
is, the five high-order bits MD[7]-MD[3] bits are all "0" and 
the bit MD(2] is a "1" and the bits in the Zero-one positions 
have any arbitrary value. 

There are, thus, four possible data words (there are four 
permutations of "xx") that will cause SA and, therefore, the 
output of the address signal latch LADDR to whose input SA is 
connected, to become HIGH. In other words, this stage 
provides an activation signal (DATA_ADDR « "l") only when one 
of the four possible proper tokens is presented and only when 
the previous extension bit was a zero, that is, the previous 
data word was the last word in the previous series of token 
words, which means that the current token word is the first 
one in the current token. 

When the signal QPREV from latch LEPREV is LOW, the value 
at the output of the latch LDIN is therefore the first word 
of a new token. The gates NAND1 , NAMD2 and NOR1 decode the 
DATA token (OOOOOlxx) . This address decoding signal SA is, 
however, delayed in latch LADDR so that the signal DATA_ADDR 
has the same timing as the output data 0UT_DATA and 0UT_EXTN. 

Fig. 7 is another simple example of a state-dependent 
pipeline stage in accordance with the present invention, 
which generates the signal LAST_OLT_EXTN to indicate the 
value of the previous output extension bit OUT_EXTN. One of 
the two enabling signals (at the CK inputs) to the present 
and . last extension bit latches, LEOUT and LEPREV , 
respectively, is derived from the gate AND1 such that these 
latches only load a new value for them when the data is vai:: 
and is being accepted (the Q outputs are HIGH from t. K .e 
output validation and acceptance latches LVOUT and LA 01" 7 , 
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respectively) . In this way, they only hold valid extension 
bits and are not loaded with spurious values associated with 
data that is not valid. In the embodiment shown in Fig. 7 , 
the two-wire valid/accept logic includes the 0R1 and OR2 
5 gates with input signals consisting of the downstream 
acceptance signals and the inverting output of the validation 
latches LVIN and LVOUT, respectively. This illustrates one 
way in which the gates NAND1/2 and INVi/2 in Fig. 4 can be 
replaced if the latches have inverting outputs. 

10 Although this is an extremely simple example of a "state- 

dependent" pipeline stage, i.e., since it depends on the 
state of only a single bit, it is generally true that all 
latches holding state information will be updated only when 
data is actually transferred between pipeline stages. In 

15 other words, only when the data is both valid and being 
accepted by the next stage. Accordingly, care must be taken 
to ensure that such latches are properly reset. 

The generation and use of tokens in accordance with the 
present invention, thus, provides several advantages over 

20 known encoding techniques for data transfer througn a 
pipeline - 

First, the tokens, as described above, allow for variable 
length address fields (and can utilize Huffman coding for 
example) to provide efficient representation of common 
25 tokens. 

Second, consistent encoding of the length of a token 
allows the end of a token (and hence the start of the next 
token) to be processed correctly (including simple non- 
manipulative transfer) , even if the token is not recognized 
20 by the token decoder circuitry in a given pipeline stage. 

Third, rules and hardware structures for the handling of 
unrecognized tokens (that is, for passing them on unmodified, 
allow communication between one stage and a downstream stage 
that is not its nearest neighbor in the pipeline. This alsr 
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increases the expandability and efficient adaptability of the 
pipeline since it allows for future changes in the token set 
without requiring large scale redesigning of existing 
pipeline stages. The tokens of the present invention are 
5 particularly useful when used in conjunction with the two- 
wire interface that is described above and below. 

As an example of the above, Figs. 3a and 3b, taken 
together (and referred to collectively below as Fig. 3), 
depict a block diagram of a pipeline stage whose function is 

10 as follows. If the stage is processing a predetermined token 
(known in this example as the DATA token) , then it will 
duplicate every word in this token with the exception of the 
first one, which includes the address field of the DATA 
token. If, on the other hand, the stage is processing any 

15 other kind of token, it will delete every word. The overall 
effect is that, at the output, only DATA Tokens appear and 
each word within these tokens is repeated twice. 

Many of the components of this illustrated system may be 
the same as those described in the much simpler structures 

20 shown in Figs. 4, 6, and 7. This illustrates a significant 
advantage. More complicated pipeline stages will still enjoy 
the same benefits of flexibility and elasticity, since the 
same two-wire interface may be used with little or no 
adaptation. 

2 5 The data duplication stage shown in Fig. 3 is merely one 

example of the endless number of different types of 
operations that a pipeline stage could perform in any given 
application. This "duplication stage" illustrates, however, 
a stage that can form a "bottleneck", so that the pipeline 

13 according to this embodiment will "pack together". 

A "bottleneck" can be any stage that either takes a 
relatively long time to perform its operations, or that 
creates more data in the pipeline than it receives. This 
example also illustrates that the two-wire accept/valid 
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interface according to this embodiment can be adapted very 
easily to different applications. 

The duplication stage shown in Fig. 3 also has two latches 
LEIN and LEOUT that, as in the example shown in Fig. 6, latch 
5 the state of the extension bit at the input and at the output 
of the stage, respectively. As Fig. Sa shows, the input, 
extension latch LEIN is clocked synchronously with the input 
data latch LDIN and the validation signal IN_VALID. 

For ease of reference, the various latches included in the 
10 duplication stage are paired below with their respective 
output signals: 



In the duplication stage, the output from the data latch 
LDIN forms intermediate data referred to as MID_DATA. This 
intermediate data word is loaded into the data output latch 
15 LDOUT only when an intermediate acceptance signal (labeled 
"MID_ACCEPT" in Fig. 8a) is set HIGH. 

The portion of the circuitry shown in Fig. 8 below the 
acceptance latches LAIN, LAOUT, shows the circuits that are 
added to the basic pipeline structure to generate the various 
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internal control signals used to duplicate data. These 
include a "DATAJTOKEN" signal that indicates that the 
circuitry is currently processing a valid DATA Token, and a 
NOT_DUPLICATE signal which is used to control duplication of 
5 data. When the circuitry is processing a DATA Token, the 
NOT — DUPLICATE signal toggles between a HIGH and a LOW state 
and this causes each word in the token to be duplicated once 
(but no more times) . When the circuitry is not processing a 
valid DATA Token then the NOT_DUPLICATE signal is held in a 

10 HIGH state. Accordingly, this means that the token words 
that are being processed are not duplicated. 

As Fig. 8a illustrates, the upper six bits of 3-bit 
intermediate data word and the output signal QI1 from the 
latch LI1 form inputs to a group of logic gates N0R1, NOR2 , 

15 NAND18. The output signal from the gate NAND18 is labeled 
SI. Using well-known Boolean algebra, it can be shown that 
the signal SI is a "0" only when the output signal QIl is a 
"1" and the MID_DATA word has the following structure: 
"OOOOOlxx", that is , the upper five bits are all "0" , the bit 

2 0 MID_DATA[2] is a "1" and the bits in the MID_DATA:1] and 

MID_DATA(0] positions have any arbitrary value. Signal SI, 
therefore, acts as a "token identification signal" which is 
low only when the MID_DATA signal has a predetermined 
structure and the output from the latch LI1 is a "l". The 
25 nature of the latch LI1 and its output QIl is explained 
further below. 

Latch LOl performs the function of latching the last value 
of the intermediate extension bit (labeled M MID_EXTN" and as 
signal S4) f and it loads this value on the next rising edge 

3 0 of .the clock phase PHO into the latch LI1, whose output is 

the bit QIl and is one of the inputs to the token decoding 
logic group that forms signal SI. Signal SI, as is explained 
above, raay only drop to a "0" if the signal QIl is a "l" (and 
the MID^DATA signal has the predetermined structure) . Signal 
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SI may, therefore, only drop to a "0 M whenever the last 
extension bit was "0", indicating that the previous token has 
ended. Therefore, the MID_DATA word is the first data word 
in a new token. 

5 The latches L02 and LI2 together with the NAND gates 

NAND20 and NAND22 form storage for the signal, DATAJTOKEN. 
In the normal situation, the signal QI1 at the input to 
NAMD20 and the signal SI at the input to N AND 2 2 will both be 
at logic " 1" . It can be shown, again by the techniques of 

10 Boolean algebra, that in this situation these KAND gates 
operate in the same manner as inverters, that is, the signal 
QI2 from the output of latch LI2 is inverted in NAND20 and 
then this signal is inverted again by NAND22 to form the 
signal S2 . In this case, since there are two logical 

15 inversions in this path, the signal S2 will have the same 
value as QI2 . 

It can also be seen that the signal DATA_TOKEN at the 
output of latch L02 forms the input to latch LI2 . As a 
result, as long as the situation remains in which both QI1 

20 and SI are HIGH, the signal DATAJTOKEN will retain its state 
(whether "0" or "1") . This is true even though the clock 
signals PHO and PHI are clocking the latches (LI2 and L02 
respectively) . The value of DATA_TOKEN can only change when 
one or both of the signals QI1 and SI are "0". 

25 As explained earlier, the signal QI1 will be "0" when the 

previous extension bit was "0"* Thus, it will be "0" 
whenever the MID_DATA value is the first word of a token 
(and, thus, includes the address field for the token) . In 
this situation, the signal SI may be either "0 M or "i". As 

:o explained earlier, signal SI will be "0" if the MID_DATA word 
has the predetermined structure that in this example 
indicates a "DATA" Token. If the MID_DATA word has any other 
structure, (indicating that the token is some other token, 
not a DATA Token), SI will be "1". 
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If QI1 is "0" and SI is "1", this indicates there is scne 
token other than a DATA Token. As is well known in the field 
of digital electronics, the output of NAND20 will be M i". 
The N'AND gate NAND22 will invert this (as previously 
5 explained) and the signal S2 will thus be a "0". As a 
result, this "0" value will be loaded into latch L02 at the 
start of the next PHI clock phase and the DATAJTOKEN signal 
will become "0" , indicating that the circuitry is not 
processing a DATA token. 

10 If QIl is "O" and SO is "0", thereby indicating a DATA 

token, then the signal S2 will be M l" (regardless of the 
other input to NAND22 from the output of NAND20) . As a 
result, this "1" value will be loaded into latch L02 at the 
start of the next PHI clock phase and the DATA_ TOKEN signal 

15 will become "1" , indicating that the circuitry is processing 
a DATA token. 

The NOT_DUPLICATE signal (the output signal Q03) is 
similarly loaded into the latch LI3 on the next rising edge 
of the clock PHO. The output .signal QI3 from the latch LI3 

20 is combined with the output signal QI2 in a gate NAND24 to 
form the signal S3. As before, Boolean algebra can be used 
to show that the signal S3 is a M 0" only when both of the 
signals QI2 and QI3 have the value "l" . If the signal QI2 
becomes a "0" , that is, the DATA TOKEN signal is a "0" , then 

2 5 the signal S3 becomes a "1". In other words, if there is not 
a valid DATA TOKEN (QI2 = 0) or the data word is not a 
duplicate (QI3 = 0) , then the signal S3 goes high. 

Assume now, that the DATA TOKEN signal remains HIGH for 
more than one clock signal- Since the N0T — DUPLICATE signal 

2 0 (Q03) is M fed back" to the latch LI3 and will be inverted by 
the gate NAND 24 (since its other input QI2 is held HIGH: , 
the output signal Q03 will toggle between "O" and "1". If 
there is no valid DATA Token, however, the signal QI2 will ze 
a "0", and the signal S3 and the output Q03 , will be force:: 
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HIGH until the DATE_TOKEN signaJ..once again goes to a "1". 

The output Q03 (the NOT_DUFLICATE signal) is also fed back 
and is combined with the output QA1 from the acceptance latch 
LAIN in a series of logic gates (NAND16 and INV16, which 
5 together form an AND gate) that ha-ve as their output a "l" , 
only when the signals QA1 and Q03 both have the value 
As Fig. 8a shows, the output from the AND gate (the gate 
NAND16 followed by the gate INV16) also forms the acceptance 
signal, IN_ACCEPT, which is used as described above in the 

10 two-wire interface structure. 

The acceptance signal IN_ACCEPT is also used as an 
enabling signal to the latches LDIN , LEIN, and LVIN. As a 
result, if the NOT_DUPLICATE signal is low, the acceptance 
signal IN_ACCEPT will also be low, and all three of these 

15 latches will be disabled and will hold the values stored at 
their outputs. The stage will not accept new data until the 
NOT_DUPLICATE signal becomes HIGH. This is in addition to 
the requirements described above for forcing the output frcn 
the acceptance latch LAIN high. 

2 0 As long as there is a valid DATA_TOKEN (the DATA_TQKEN 

signal Q02 is a "l") , the signal Q03 will toggle between the 
HIGH and LOW states, so that the input latches will be 
enabled and will be able to accept data, at most, during 
every other complete cycle of both clock phases PHO, PHI. 

25 The additional condition that the following stage be prepared 
to accept data, as indicated by a "HIGH" OUT_ACCEPT signal, 
must, of course, still be satisfied. The output latch LDOUT 
will, therefore, place the same data word onto the output bus 
OUTJDATA for at least two full clock cycles. The out_valid 

30 signal will be a "1" only when there is both a valid 
DATAJTOKEN (Q02 HIGH) and the validation signal QVOUT is 
HIGH . 

The signal QEIN , which is the extension bit corresponding 
to MID^DATA, is combined with the signal S3 in a series of 
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logic gates (INVio and NAND10) to form a signal S4 . During 
presentation of a DATA Token, each data word MID_DATA will be 
repeated by loading it into the output latch LDOUT twice. 
During the first of these, S4 will be forced to a "l" by the 
5 action of NAND10 . The signal S4 is loaded in the latch LEOUT 
to form OUTEXTN at the same time as MID_DATA is loaded into 
LDOUT to form OUT_DATA [ 7 : 0 ] . 

Thus, the first time a given MID_DATA is loaded into 
LEOUT, the associated OUTEXTN will be forced high, whereas, 

10 on the second occasion, OUTEXTN will be the same as the 
signal QEIN. Now consider the situation during the very last 
word of a token in which QEIN is known to be low. During the 
first time MID_DATA is loaded into LDOUT , OUTEXTN will be 
"1" , and during the second time, OUTEXTN will be "0", 

15 indicating the true end of the token. 

The output signal QVIN from the validation latch LVIN is 
combined with the signal QI3 in a similar gate combination 
(INV12 and NAND12) to form a signal S5. Using known Boolean 
techniques, it can be shown that the signal S5 is HIGH either 

20 when the validation signal QVIN is HIGH, or when the signal 
QI3 is low (indicating that the data is a duplicate). The 
signal S5 is loaded into the validation output latch LVOUT at 
the same time that MID_DATA is loaded into LDOUT and the 
intermediate extension bit (signal S4) is loaded into LEOUT. 

25 Signal 55 is also combined with the signal Q02 (the data 
token signal) in the logic gates NAND30 and INV30 to form the 
output validation signal OUT_VALID. As was mentioned 
earlier, OUT_VALID is HIGH only when there is a valid token 
and the validation signal QVOUT is high. 

30 In the present invention, the MID_ACCEPT signal is 

combined with the signal S5 in a series of logic gates 
(NAND26 and INV26) that perform the well-known AND function 
to form a signal S6 that is used as one of the two enabling 
signals to the latches LOl, L02 and L03 . The signal S6 rises 
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to a "i" when the MID_ACCEPT signal is HIGH and when either 
the validation signal QVIN is high, or when the token is a 
duplicate (QI3 is a "0") . If the signal MID_ACCEPT is HIGH , 
the latches L01-L03 will, therefore, be enabled when the 
5 clock signal PHI is high whenever valid input data is loaded 
at the input of the stage, or when the latched data is a 
duplicate* 

From the discussion above, one can see that the stage 
shown in Figs. 8a and 8b will receive and transfer data 

10 between stages under the control of the validation and 
acceptance signals, as in previous embodiments, with the 
exception that the output signal from the acceptance latch 
LAIN at the input side is combined with the toggling 
duplication signal so that a data word will be output twice 

15 before a new word will be accepted. 

The various logic gates such as NAND16 and INV16 may, of 
course, be replaced by equivalent logic circuitry (in this 
case, a single AND gate) . Similarly, if the latches LEIN and 
LVIN, for example, .have inverting outputs, the inverters 

20 IWV10 and INV12 will not be necessary. Rather, the 
corresponding input to the gates N AMD 10 and NAND12 can be 
tied directly to the inverting outputs of these latches. As 
long as the proper logical operation is performed, the stage 
will operate in the same manner. Data words and extension 

25 bits will still be duplicated. 

One should note that the duplication function that the 
illustrated stage performs will not be performed unless the 
first data word of the token has a "1" in the third position 
of the word and "O's" in the five high-order bits. (Of 

30 course, the required pattern can easily be changed and set by 
selecting other logic gates and interconnections other than 
the NORl, NOR2, NND18 gates shown-) 

In addition, as Fig. 8 shows, the OUT_VALID signal will be 
forced low during the entire token unless the first data word 
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has the structure described above. This has the effect that 
all tokens except the one that causes the duplication process 
will be deleted from the token stream, since a device 
connected to the output terminals (OUTDATA, OUTEXTN and 
5 OUTVALID) will not recognize these token words as valid data. 

As before, both validation latches LVIN, LVOUT in the 
stage can be reset by a single conductor NOT_RESETO, and a 
single resetting input R on the downstream latch LVOUT, with 
the reset signal being propagated backwards to cause the 
10 upstream validation latch to be forced low on the next clock 
cycle. 

It should be noted that in the example shown in Fig. 8, 
the duplication of data contained in DATA tokens serves only 
as an example of the way in which circuitry may manipulate 

15 the ACCEPT and VALID signals so that more data is leaving the 
pipeline stage than that which is arriving at the input. 
Similarly, the example in Fig. 8 removes all non-DATA tokens 
purely as an illustration of the way in which circuitry may 
manipulate the VALID signal to remove data from the stream. 

20 In most typical applications, however, a pipeline stage will 
simply pass on any tokens that it does not recognize, 
unmodified, so that other stages further down the pipeline 
may act upon them if required. 

Figs. 9a and 9b taken together illustrate an example of a 

25 timing diagram for the data duplication circuit shown in 
Figs. 8a and 8b. As before, the timing diagram shows the 
relationship between the two-phase clock signals, the various 
internal and external control signals, and the manner in 
which data is clocked between the input and output sides of 

3 0 the stage and is duplicated. 

Referring now more particularly to Figure 10, there is 
shown a reconf igurable process stage in accordance with one 



aspect of the present invention. 

Input latches 34 receive an input over a first bus 
31. A first output from the input latches 34 is passed over 
line 32 to a token decode subsystem 33. A second output from 
the input latches 34 is passed as a first input over line 3 5 
to a processing unit 36. A first output from the token decode 
subsystem 33 is passed over line 37 as a second input to the 
processing unit 36. A second output from the token decode 3 3 
is passed over line 40 to an action identification unit 39. 
The action identification unit 3 9 also receives input from 
registers 43 and 44 over line 46. The registers 43 and 44 
hold the state of the machine as a whole. This state is 
determined by the history of tokens previously received. The 
output from the action identification unit 39 is passed over 
line 38 as a third input to the processing unit 36. The 
output from the processing unit 3 6 is passed to output 
latches 41. The output from the output latches 41 is passed 
over a second bus 42. 

Referring now to Figure 11, a Start Code Detector 
(SCD) 51 receives input over a two-wire interface 52. This 
input can be either in the form of DATA tokens or as data 
bits in a data stream. A first output from the Start Code 
Detector 51 is passed over line 53 to a first logical first- 
in first-out buffer (FIFO) 54. The output from the first 
FIFO 54 is logically passed over line 55 as a first input to 
a Huffman decoder 56. A second output from the Start Code 
Detector 51 is passed over line 57 as a first input to a DRAM 
interface 58. The DRAM interface 58 also receives input from 
a buffer manager 59 over line 60. Signals are transmitted to 
and received from external DRAM (not shown) by the DRAM 
interface 58 over line 61. A first output from the DRAM 
interface 58 is passed over line 62 as a first physical input 
to the Huffman decoder 56. 
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The output from the Huffman decoder 56 is passed 
over line 63 as an input to an Index to Data Unit (ITOD) 64, 
The Huffman decoder 56 and the ITOD 64 work together as a 
single logical unit. The output from the ITOD 64 is passed 
over line 65 to an arithmetic logic unit (ALU) 66* A first 
output from the ALU 66 is passed over line 67 to a read-only 
memory (ROM) state machine 68. The output from the ROM state 
machine 68 is passed over line 69 as a second physical input 
to the Huffman decoder 56. A second output from the ALU 66 
is passed over line 70 to a Token Formatter (T/F) 71. 

A first output 72 from the T/F 71 of the present 
invention is passed over line 72 to a second FIFO 73. The 
output from the second FIFO 73 is passed over line 74 as a 
first input to an inverse modeller 75. A second output from 
the T/F 71 is passed over line 7 6 as a third input to the 
DRAM interface 58. A third output from the DRAM interface 58 
is passed over line 77 as a second input to the inverse 
modeller 75. The output from the inverse modeller 75 is 
passed over line 78 as an input to an inverse quantizer 7 9 
The output from the inverse quantizer 79 is passed over line 
8 0 as an input to an inverse zig-zag (IZ2) 81. The output 
from the I2Z 81 is passed over line 82 as an input to an 
inverse discrete cosine transform (IDCT) 83. The output from 
the IDCT 83 is passed over line 84 to a temporal decoder (not 
shown) . 

Referring now more particularly to Figure 12, a 
temporal decoder in accordance with the present invention is 
shown. A fork 91 receives as input over line 92 the output 
from the IDCT 83 (shown in Fig. 11). As a first output from 
the fork 91, the control tokens, e.g., motion vectors and the 
like, are passed over line 93 to an address generator 94. 
Data tokens are also passed to the address generator 94 for 
counting purposes. As a second output from the fork 91, the 



data is passed over line 95 to a FIFO 96. The output from the 
FIFO 96 is then passed over line 97 as a first input to a 
summer 98. The output from the address generator 94 is 
passed over line 99 as a first input to a ORAM interface 100. 
Signals are transmitted to and received from external DRAM 
(not shown) by the DRAM interface 100 over line 101. A first 
output from the DRAM interface 100 is passed over line 102 to 
a prediction filter 103. The output from the prediction 
filter 103 is passed over line 104 as a second input to the 
summer 98. A first output from the summer 98 is passed over 
line 105 to output selector 106. A second output from the 
summer 98 is passed over line 107 as a second input to the 
DRAM interface 100. A second output from the DRAM interface 
100 is passed over line 108 as a second input to the output 
se lector 106. The output from the output se lector 106 is 
passed over line 109 to a Video Formatter (not shown in 
Figure 12) . 

Referring now to Figure 13, a fork 111 receives 
input from the output selector 106 (shown in Figure 12) over 
line 112. As a first output from the fork 111, the control 
tokens are passed over line 113 to an address generator 114, 
The output from the address generator 114 is passed over line 
115 as a first input to a DRAM interface 116. As a second 
output from the fork 111 the data is passed over line 117 as 
a second input to the DRAM interface 116. Signals are 
transmitted to and received from external DRAM (not shown) by 
the DRAM interface 116 over line 118. The output from the 
DRAM interface 116 is passed over line 119 to a display pipe 
120. 

It will be apparent from the above descriptions 
that each line may comprise a plurality of lines, as 
necessary . 
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Referring now to Figure 14a, in the MPEG standard 
a picture 131 is encoded as one or more slices 132. Each 
slice 13 2 is, in turn, comprised of a plurality of blocks 
13 3, and is encoded row-by-row, left-to-right in each row, 
5 As is shown, each slice 132 may span exactly one full line of 
blocks 133, less than one line B or D of blocks 133 or 
multiple lines C of blocks 133. 

Referring to Figure 14b, in the JPEG and H.261 
standards, the Common Intermediate Format (GIF) is used, 
10 wherein a picture 141 is encoded as 6 rows each containing 2 
groups of blocks (GOBs) 142. Each GOB 142 is, in turn, 
composed of either 3 rows or 6 rows of an indeterminate 
number of blocks 143. Each GOB 142 is encoded in a zigzag 
direction indicated by the arrow 144. The GOBs 142 are, in 
15 turn, processed row-by-row, left-to-right in each row. . 

Referring now to Figure 14c, it can be seen that, 
for both MPEG and CIF, the output of the encoder is in the 
form of a data stream 151. The decoder receives this data 
stream 151. The decoder can then reconstruct the image 
2 0 according to the format used to encode it. In order to allow 
the decoder to recognize start and end points for each 
standard, the data stream 151 is segmented into lengths of 3 3 
blocks 152. 

Referring to Figure 15, a Venn diagram is shown, 
2 5 representing the range of values possible for the table 
selection from the Huffman decoder 56 (shown in Fig. 11) of 
the present invention. The values possible for an MPEG 
decoder and an H.261 decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
30 certain H.261 formats. Likewise, the values possible for an 
MPEG decoder and a JPEG decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
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certain JPEG formats. Additionally, it is shown that the 
H.261 values and the JPEG values do not overlap, indicating 
that no single table selection exists that will decode both 
formats . 

5 Referring now more particularly to Figure 16, there 

is shown a schematic representation of variable length 
picture data in accordance with the practice of the present 
invention. A first picture 161 to be processed contains a 
first PICTURE_START token 162, first picture information of 

10 indeterminate length 163, and a first PICTURE_END token 164. 
A second picture 165 to be processed contains a second 
PICTURE_START token 166, second picture information of 
indeterminate length 167, and a second PICTURE_END token 168. 
The PICTURE_START tokens 162 and 166 indicate the start of 

15 the pictures 161 and 165 to the processor- Likewise, the 
P I CTURE_END tokens 164 and 168 signify the end of the 
pictures 161 and 165 to the processor. This allows the 
processor to process picture information 163 and 167 of 
variable lengths. 

20 Referring to Figure 17, a split 171 receives input 

over line 172. A first output from the split 171 is passed 
over line 173 to an address generator 174. The address 
generated by the address generator 174 is passed over line 

175 to a DRAM interface 176. Signals are transmitted to and 
25 received from external DRAM (not shown) by the DRAM interface 

176 over line 177. A first output from the DRAM interface 
176 is passed over line 178 to a prediction filter 179. The 
output from the prediction filter 17 9 is passed over line 18 0 
as a first input to a summer 181. A second output from the 

30 split 171 is passed over line 182 as an input to a first-in 
first-out buffer (FIFO) 183. The output from the FIFO 183 is 
passed over line 184 as a second input to the summer 181. 
The output from the summer 181 is passed over line 18 5 to a 
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write signal generator 186. A first output from the write 
signal generator 186 is passed over line 187 to the ORAM 
interface 176. A second output from the write signal 
generator 186 is passed over line 188 as a first input to a 
5 read signal generator 189* A second output from the DRAM 
interface 176 is passed over line 190 as a second input to 
the read signal generator 189. The output from the read 
signal generator 189 is passed over line 191 to a Video 
Formatter (not shown in Figure 17) . 

10 Referring now to Figure 18, the prediction 

filtering process is illustrated. A forward picture 201 is 
passed over line 202 as a first input to a summer 203. A 
backward picture 204 is passed over line 205 as a second 
input to the summer 203. The output from the summer 203 is 

15 passed over line 2 06. 

Referring to Figure 19, a slice 211 comprises one 
or more macroblocks 212. In turn, each macroblock 212 
comprises four luminance blocks 213 and two chrominance 
blocks 214, and contains the information for an original 16 

2 0 x 16 block of pixels. Each of the four luminance blocks 213 
and two chrominance blocks 214 is 8 x 8 pixels in size. The 
four luminance blocks 213 contain a 1 pixel to 1 pixel 
mapping of the luminance (Y) information from the original 16 
x 16 block of pixels. One chrominance block 214 contains a 

2 5 representation of the chrominance level of the blue color 

signal (Cu/b) , and the other chrominance block 214 contains 
a representation of the chrominance level of the red color 
signal (Cv/r) . Each chrominance level is subsampled such 
that each 8x8 chrominance block 214 contains the 

3 0 chrominance level of its color signal for the entire original 

16 x 16 block of pixels. 

Referring now to Figure 20, the structure and 
function of the Start Code Detector will become apparent. A 
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value register 221 receives image data over a line 222. The 
line 222 is eight bits vide, allowing for parallel 
transmission of eight bits at a time. The output from the 
value register 221 is passed serially over line 223 to a 
decode register 224. A first output from the decode register 
224 is passed to a detector 225 over a line 226. The line 
226 is twenty-four bits wide, allowing for parallel 
transmission of twenty-four bits at a time. The detector 225 
detects the presence or absence of an image which corresponds 
to a standard-independent start code of 23 "zero" values 
followed by a single "one" value. An 8-bit data value image 
follows a valid start code image. On detecting the presence 
of a start code image, the detector 225 transmits a start 
image over a line 227 to a value decoder 228. 

A second output from the decode register 22 4 is 
passed serially over line 229 to a value decode shift 
register 230. The value decode shift register 230 can hold 
a data value image fifteen bits long. The 8-bit data value 
following the start code image is shifted to the right of the 
value decode shift register 230, as indicated by area 231. 
This process eliminates overlapping start code images, as 
discussed below. A first output from the value decode shift 
register 230 is passed to the value decoder 228 over a line 
232, The line 232 is fifteen bits wide, allowing for 
parallel transmission of fifteen bits at a time. The value 
decoder 228 decodes the value image using a first look-up 
table (not shown) . A second output from the value decode 
shift register 230 is passed to the value decoder 228 which 
passes a flag to an index-to-tokens converter 234 over a line 
235. The value decoder 228 also passes information to the 
index-to-tokens converter 234 over a line 236. The 
information is either the data value image or start code 
index image obtained from the first look-up table. The flag 
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indicates which form of information is passed. The line 236 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. While 15 bits has been chosen here 
as the width in the present invention it will be appreciated 
that bits of other lengths may also be used. The index-to- 
tokens converter 234 converts the information to token images 
using a second look-up table (not shown) similar to that 
given in Table 12-3 of the Users Manual. The token images 
generated by the index-to-tokens converter 234 are then 
output over a line 237. The line 237 is fifteen bits wide, 
allowing for parallel transmission of fifteen bits at a time. 

Referring to Figure 21 , a data stream 241 
consisting of individual bits 242 is input to a Start Code 
Detector (not shown in Figure 21) . A first start code image 
243 is detected by the Start Code Detector. The Start Code 
Detector then receives a first data value image 244. Before 
processing the first data value image 244 , the Start Code 
Detector may detect a second start code image 24 5, which 
overlaps the first data value image 244 at a length 246. If 
this occurs, the Start Code Detector does not process the 
first data value image 244, and instead receives and 
processes a second data value image 247. 

Referring now to Figure 22, a flag generator 2 51 
receives data as a first input over a line 252. The line 252 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. The flag generator 251 also receives 
a flag as a second input over a line 253, and receives an 
input valid image over a first two-wire interface 2 54. A 
first output from the flag generator 251 is passed over a 
line 255 to an input valid register (not shown) . A second 
output from the flag generator 251 is passed over a line 256 
to a decode index 257. The decode index 257 generates four 
outputs; a picture start image is passed over a line 258, a 
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picture number image is passed over a line 259, an insert 
image is passed over a line 260, and a replace image is 
passed over a line 261, The data from the flag generator 251 
is passed over a line 262a. A header generator 263 uses a 
look-up table to generate a replace image, which is passed 
over a line 262b. An extra word generator 264 uses the MPU 
to generate an insert image, which is passed over a line 
262c. Line 262a, and line 262b combine to form a line 262, 
which is first input to output latches 265. The output 
latches 265 pass data over a line 266. The line 2 66 is 
fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. 

The input valid register (not shown) passes an 
image as a first input to a first OR gate 267 over a line 
268. An insert image is passed over a line 269 as a second 
input to the first OR gate 267. The output from the first OR 
gate 267 is passed as a first input to a first AND gate 270 
over a line 271. The logical negation of a remove image is 
passed over a line 272 as a second input to the first AND 
gate 27 0 is passed as a second input to the output latches 
265 over a line 273. The output latches 265 pass an output 
valid image over a second two-wire interface 274. An output 
accept image is received over the second two-wire interface 
27 4 by an output accept latch 275. The output from the 
output accept latch 27 5 is passed to an output accept 
register (not shown) over a line 276. 

The output accept register (not shown) passes an 
image as a first input to a second OR gate 277 over a line 
278. The logical negation of the output from the input valid 
register is passed as a second input to the second OR gate 
• 277 over a line 279. The remove image is passed over a line 
280 as a third input to the second OR gate 277. The output 
from the second OR gate 277 is passed as a first input to a 
second AND gate 281 over a line 282. The logical negation of 
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an insert image is passed as a second input to the second AND 
gate 281 over a line 283. The output from the second AND 
gate 281 is passed over a line 284 to an input accept latch 
285. The output from the input accept latch 285 is passed 
over the first two-wire interface 2.54. 
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TABLE €00 

1. H.261 
MPEG 
JPEG 



Image R eceived 
SEQUENCE START 
PICTURE START 
(Hone) 



Tokens Genera*^ 
SEQUENCE START 
GROUP START 
PICTURE START 
PICTURE DATA 

2- H.261 (None) PICTURE END 

MPEG (None) PADDING 

JPEG ( None ) FLUSH 

STOP AFTER PICTURE 
As set forth in Table 600 which shows a relationship 
between the absence or presence of standard signals in the 
certain machine independent control tokens, the detection, of 
an image by the Start Code Detector 51 generates a sequence 
of machine independent Control Tokens. Each image listed in 
the "Image Received" column starts the generation of all 
machine independent control tokens listed in the group in the 
"Tokens Generated" column . Therefore, as shown in line 1 of 
Table 600 , whenever a "sequence start" image is received 
during H.261 processing or a "picture start" image is 
received during MPEG processing, the entire group of four 
control tokens is generated, each followed by its 
corresponding data value or values. In addition, as set 
forth at line 2 of Table 600, the second group of four 
control tokens is generated at the proper time irrespective 
of images received by the Start Code Detector 51. 
TABLE 601 

DISPLAY ORDER: II B2 B3 P4 B5 B6 P7 B8 B9 110 
TRANSMIT ORDER: II P4 B2 B3 P7 B5 B6 110 B8 B9 



3 0 As shown in line 1 of Table 601 which shows the timing 

relationship between transmitted pictures and displayed 
pictures, the picture frames are displayed in numerical 
order. However, in order to reduce the number of frames that 
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must be stored in memory, the frames are transmitted in a 
different order. It is useful to begin the analysis from an 
intrafrane (I frame). The II frame is transmitted in the 
crder it is to be displayed. The next predicted frame (P 
5 frame), P4 , is then transmitted. Then, any bi-directionally 
interpolated frames (B frames) to be displayed between the II 
frame and P4- frame are transmitted, represented by frames 32 
and B3. This allows the transmitted B frames to reference a 
previous frame (forward prediction) or a future frame 

iO {backward prediction) . After transmitting all the B frames 
to be displayed between the 11 frame and the P4 frame, the 
next P frame, P7, is transmitted. Next, all the B frames to 
be displayed between the P4 and P7 frames are transmitted, 
corresponding to B5 and B6\ Then, the next I frame, 110, is 

15 transmitted. Finally, all the B frames to be displayed 
between the P7 and 110 frames are transmitted, corresponding 
to frames B8 and B9 . This ordering of transmitted frames 
requires only two frames to be kept in memory at any one 
time, and does not require the decoder to wait for the 

20 transmission of the next P frame or I frame to display an 
interjacent B frame. 

Further information regarding the structure and operation, 
as well as the features, objects and advantages, of the 
invention will become more readily apparent to one of 

25 ordinary skill in the art from the ensuing additional 
detailed description of illustrative embodiment of the 
invention which, for purposes of clarity and convenience of 
explanation are grouped and set forth in the following 
sections : 

Z'j 1.. Multi-Standard Configurations 
2. JPEG Still Picture Decoding 
2. Motion Picture Decompression 

4 . RAM Memory Map 

5. Bitstream Characteristics 
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6. Reconf igurable Processing Stage 

7. Multi-Standard Coding 

3. Multi-Standard Processing Circuit-2nd Mode of Operation 

9. Start Code Detector 

5 10. Tokens 

11. DRAM Interface 

12. Prediction Filter 

13. Accessing Registers 

14. Microprocessor Interface (MPI) 
10 15. MPI Read Timing 

16. MPI Write Timing 

17. Key Hole Address Locations 
13. Picture End 

19. Flushing Operation 

15 20. Flush Function 

2 1 . Stop- After -Picture 

22. Multi-Standard Search Mode 

23. Inverse Modeler 

24. Inverse Quantizer 

20 25. Huffman Decoder and Parser 

26. Diverse Discrete Cosine Transformer 

27. Buffer Manager 



86 



1. MtTLTI -STANDARD CONTIQURATIONS 

Since the various compression standards, i.e., JPEG, 
MPEG and H.261, are well known, as for example as described 
in the aforementioned United States Patent No. 5,212,742, the 
detailed specifications of those standards are not repeated 
here. 

As previously mentioned, the present invention is 
capable of decompressing a variety of differently encoded, 
picture data bitstreams. In each of the different standards 
of encoding, some form of output formatter is required to 
take the data presented at the output of the spatial decoder 
operating alone, or the serial output of a spatial decoder 
and temporal decoder operating in combination, (as 
subsequently described herein in greater detail) and 
reformatting this output for use, including display in a 
computer or other display systems, including a video display 
system. Implementation of this formatting varies 

significantly between encoding standards and/or the type of 
display selected. 

In a first embodiment, in accordance with the present 
invention, as previously described with reference to Figures 
10-12 an address generator is employed to store a block of 
formatted data, output from either the first decoder (Spatial 
Decoder) or the combination of the first decoder (Spatial 
Decoder) and the second decoder (the Temporal Decoder) , and 
to write the decoded information into and/ or from a memory in 
a raster order. The video formatter described hereinafter 
provides a wide range of output signal combinations. 

In the preferred multi-standard video decoder embodiment 
of the present invention, the Spatial Decoder and the 
Temporal Decoder are required to implement both an MPEG 
encoded signal and an H.261 video decoding system. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required to be reduced when working with 
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small picture formats and at low coded data rates. The 
reconfiguration of these DRAMs will be further described 
hereinafter with reference to the DRAM interface. Typically, 
a single 4 megabyte DRAM is required by each of the Temporal 
5 Decoder and the Spatial Decoder circuits. 

The Spatial Decoder of the present invention performs 
all the required processing within a single picture. This 
reduces the redundancy within one picture. 

The Temporal Decoder reduces the redundancy between the 

10 subject picture with relationship to a picture which arrives 
prior to the arrival of the subject picture, as well as a 
picture which arrives after the arrival of the subject 
picture. One aspect of the Temporal Decoder is to provide an 
address decode network which handles the complex addressing 

15 needs to read out the data associated with all of these 
pictures with the least number of circuits and with high 
speed and improved accuracy. 

As previously described with reference to Figure 11, the 
data arrives through the Start Code Detector, a FIFO register 

2 0 which precedes a Huffman decoder and parser, through a second 
FIFO register, an inverse modeller, an inverse quantizer, 
inverse zigzag and inverse DCT. The two FIFOs need not be on 
the chip. In one embodiment, the data does not flow through 
a FIFO that is on the chip. The data is applied to the DRAM 

2 5 interface, and the FIFO-IN storage register and the FIFO-OUT 

register is off the chip in both cases. These registers, 
whose operation is entirely independent of the standards, 
will subsequently be described herein in further detail. 

The majority of the subsystems and stages shown in 

3 0 Figure 11 are actually independent of the particular standard 

used and include the DRAM interface 58, the buffer manager 59 
which is generating addresses for the DRAM interface, the 
inverse modeller 75, the inverse zig-zag 81 and the inverse 
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DCT 83. The standard independent units within the Huffman 
decoder and parser include the ALU 66 and the token formatter 
71. 

Referring now to Figure 12, the standard- 
5 independent units include the DRAM interface 100 , the fork 
91, the FIFO register 96 , the summer 98 and the output 
selector 106. The standard dependent units are the address 
generator 94, which is different in H.261 and in MPEG, and 
the prediction filter 103, which is reconf igurable to have 

10 the ability to do both H.261 and MPEG. The JPEG data will 
flow through the entire machine completely unaltered. 

Figure 13 depicts a high level block diagram of the 
video formatter chip. The vast majority of this chip . is 
independent of the standard. The only items that are 

15 affected by the standard is the way the data is written into 
the DRAM in the case of H.261, which differs from MPEG or 
JPEG; and that in H.261, it is not necessary to code every 
single picture. There is some timing information referred to 
as a temporal reference which provides some information 

2 0 regarding when the pictures are intended to be displayed, and 

that is also handled by the address generation type of logic 
in the video formatter. 

The remainder of the circuitry embodied in the video 
formatter, including all of the color space conversion, the 
25 up-sampling filters and all of the gamma correction RAMs, is 
entirely independent of the particular compression standard 
utilized. 

The Start Code Detector of the present invention is 
dependent on the compression standard in that it has to 

3 0 recognize different start code patterns in the bitstream for 

each of the standards. For example, H.261 has a 16 bit start 
code, MPEG has a 24 bit start code and JPEG uses marker codes 
which are fairly different from the other start codes. Once 
the Start Code Detector has recognized those different start 
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codes, its operation is essentially independent of the 
compression standard. For instance, during searching, apart 
from the circuitry that recognizes the different category of 
markers, much of the operation is very similar between the 
three different compression standards. 

The next unit is the state machine 68 (Figure 11) 
located within the Huffman decoder and parser. Here, the 
actual circuitry is almost identical for each of the three 
compression standards. In fact, the only element that is 
affected by the standard in operation is the reset address of 
the machine. If just the parser is reset, then it jumps to 
a different address for each standard. There are, in fact, 
four standards that are recognized. These standards are 
H.261, JPEG, MPEG and one other, where the parser enters a 
piece of code that is used for testing. This illustrates 
that the circuitry is identical in almost every aspect, but 
the difference is the program in the microcode for each of 
the standards. Thus, when operating in H.2 61, one program is 
running, and when a different program is running, there is no 
overlap between them. The same holds true for JPEG, which is 
a third, completely independent program. 

The next unit is the Huffman decoder 56 which 
functions with the index to data unit 64 . Those two units 
cooperate together to perform the Huffman decoding. Here, 
the algorithm that is used for Huffman decoding is the same, 
irrespective of the compression standard. The changes are in 
which tables are used and whether or not the data coming into 
the Huffman decoder is inverted. Also, the Huffman decoder 
itself includes a state machine that understands some aspects 
of the coding standards. These different operations are 
selected in response to an instruction coming from the parser 
state machine. The parser state machine operates with a 
different program for each of the three compression standards 



and issues the correct command to the Huffman decoder at 
different times consistent with the standard in operation. 

The last unit on the chip that is dependent on the 
compression standard is the inverse quantizer 79, where the 
mathematics that the inverse quantizer performs are different 
for each of the different standards. In this regard, a 
COD I NG_ST AND ARD ^token is decoded and the inverse quantizer 79 
remembers which standard it is operating in. Then, any 
subsequent DATA tokens that happen after that event , but 
before another CODING_STANDARD may come along, are dealt with 
in the way indicated by the CODING_STANDARD that has been 
remembered inside the inverse quantizer. In the detailed 
description, there is a table illustrating different 
parameters in the different standards and what circuitry is 
responding to those different parameters or mathematics. 

The address generation, with reference to H.261, differs 
for each of the subsystems shown in Figure 12 and Figure 13 . 
The address generation in Figure 11, which generates 
addresses for the two FIFOs before and after the Huffman 
decoder, does not change depending on the coding standards. 
Even in H.261, the address generation that happens on that 
chip is unaltered. Essentially, the difference between these 
standards is that in MPEG and JPEG, there is an organization 
of macroblocks that are in linear lines going horizontally 
across pictures. As best observed in Figure 14a, a first 
macroblock A covers one full line. A macroblock B covers 
less than a line. A macroblock C covers multiple lines. The 
division in MPEG is into slices 132, and a slice may be one 
horizontal line, A, or it may be part of a horizontal line B, 
or it may extend from one- line into the next line, C. Each 
of these slices 132 is made up of a row of macroblocks. 

In H.261, the organization is rather different 
because the picture is divided into groups of blocks (GOB) . 
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A group of blocks is three rows of macrobloclcs high by eleven 
macroblocks vide. In the case of a CIF picture, there are 
twelve such groups of blocks. However, they are not 
organized one above the other. Rather, there are two groups 
of blocks next to each other and then six high, i.e., there 
are 6 GOB's vertically, and 2 GOB's horizontally. 

In all other standards, when performing the 
addressing, the macroblocks are addressed in order as 
described above. More specifically, addressing proceeds 
along the lines and at the end of the line, the next line is 
started. In H.2 61, the order of the blocks is the same as 
described within a group of blocks, but in moving onto the 
next group of blocks, it is almost a zig-zag. 

The present invention provides circuitry to deal 
with the latter affect. That is the way in which the address 
generation in the spatial decoder and the video formatter 
varies for H.261. This is accomplished whenever information 
is written into the DRAM. It is written with the knowledge 
of the aforementioned address generation sequence so the 
place where it is physically located in the RAM is exactly 
the same as if this had been an MPEG picture of the same 
size. Hence, all of the address generation circuitry for 
reading from the DRAM, for instance, when forming 
predictions, does not have to comprehend that it is H.261 
standard because the physical placement of the information in 
the memory is the same as it would have been if it had been 
in MPEG sequence. Thus, in all cases, only writing of data 
is affected. 

In the Temporal Decoder, there is an abstraction for 
H.261 where the circuitry pretends something is different 
from what is actually occurring. That is, each group of 
blocks is conceptually stretched out so that instead of 
having a rectangle which is 11 x 3 macroblocks, the 
macroblocks are stretched out into a length of 3 3 blocks (see 
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Figure 14c) group of blocks which is one macroblock high. By 
doing that, exactly the same counting mechanisms used on the 
Temporal Decoder for counting through the groups of blocks 
are also used for MPEG. 

There is a correspondence in the way that the 
circuitry is designed between an H.261 group of blocks and an 
MPEG slice* When H.261 data is processed after the Start 
Code Detector, each group of blocks is preceded by a 
slice_start_code. The next group of. blocks is preceded by 
the next slice_start code. The counting that goes on inside 
the Temporal Decoder for counting through this structure 
pretends that it is a 33 macroblock-long group that is one 
macroblock high. This is sufficient , although the circuitry 
also counts every 11th interval. When it counts to the 11th 
macroblock or the 22nd macroblock, it resets some counters. 
This is accomplished by simple circuitry with another counter 
that counts up each macroblock, and when it gets to 11, it 
resets to zero. The microcode interrogates that and does 
that work. All the circuitry in the temporal decoder of the 
present invention is essentially independent of the 
compression standard with respect to the physical placement 
of the macroblocks. 

In terms of multi-standard adaptability, there are 
a number of different tables and the circuitry selects the 
appropriate table for the appropriate standard at the 
appropriate time. Each standard has multiple tables; the 
circuitry selects from the set at any given time. Within any 
one standard, the circuitry selects one table at one time and 
another table another time. In a different standard, the 
circuitry selects a different set of tables. There is some 
intersection between those tables as indicated previously in 
the discussion of Figure 15. For example, one of the tables 
used in MPEG is also used in JPEG. The tables are not a 
completely isolated set. Figure 15 illustrates an H.2 61 



set, MPEG set and a JPEG set. Note that there is a much 
greater overlap between the H.261 set and the MPEG set. They 
are quite common in the tables they utilize. There is a 
snail overlap between MPEG and JPEG , and there is no overlap 
at all between H.261 and JPEG so that these standards have 
totally different sets of tables. 

As previously indicated, most of the system units are 
compression standard independent. If a unit is standard 
independent , and such units need not remember what 
COD INGEST AND ARD is being processed- All of the units that 
are standard dependent remember the compression standard as 
the CODING_STANDARD token flows by them. When information 
encoded/decoded in a first coding standard is distributed 
through the machine, and a machine is changing standards, 
prior machines under microprocessor control would normally 
choose to perform in accordance with the H.261 compression 
standard. The MPU in such prior machines generates signals 
stating in multiple different places within the machine that 
the compression standard is changing. The MPU makes changes 
at different times and, in addition, may flush the pipeline 
through. 

In accordance with the invention, by issuing a change of 
COD I NONSTANDARD tokens at the Start Code Detector that is 
positioned as the first unit in the pipeline, this change of 
compression standard is readily handled. The token says a 
certain coding standard is beginning and that control 
information flows down the machine and configures all the 
other registers at the appropriate time. The MPU need not 
program each register. 

The prediction token signals how to form predictions 
using the bits in the bitstream. Depending on which 
compression standard is operating, the circuitry translates 
the information that is found in the standard, i.e. from the 
bitstream into a prediction mode token. This processing is 
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perfo£jr\^pl by the Huffman decode?- .and parser state machine, 
where it is easy to manipulate bits based on certain 
conditions. The Start Code Detector generates this 

prediction mode token. The token then flows down the machine 
5 to the circuitry of the Temporal Decoder, which is the device 
responsible for forming predictions. The circuitry of the 
spatial decoder interprets the token without having to know 
what standard it is operating in because the bits in it are 
invariant in the three different standards. The Spatial 

ID Decoder just does what it is told in response to that token. 
By having these tokens and using them appropriately, the 
design of other units in the machine is simplified. Although 
there may be some complications in the program, benefits are 
received in that some of the hard wired logic which would be 

15 difficult to design for multi-standards can be used here. 

2 . JPEG STILL PICTURE DECODING 

As previously indicated, the present invention relates 
to signal decompression and, more particularly, to the 
decompression of an encoded video signal, irrespective of the 

20 compression standard employed. 

One aspect of the present invention is to provide a first 
decoder circuit (the Spatial Decoder) to decode a first 
encoded signal (the JPEG encoded video signal) in combination 
with a second decoder circuit (the Temporal Decoder) to 

25 decode a first encoded signal (the MPEG or H.261 encoded 
video signal) in a pipeline processing system. The Temporal 
Decoder is not needed for JPEG decoding. 

In this regard, the invention facilitates the 
decompression of a plurality of differently encoded signals 

20 through the use of a single pipeline decoder and 
decompression system. The decoding and decompression 
pipeline processor is organized on a unique and special 
configuration which allows the handling of the multi-stannari 
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encoded --video signals through the use of techniques all 
compatible with the single pipeline decoder and processing 
system. The Spatial Decoder is combined with the Temporal 
Decoder, and the Video Formatter is used in driving a video 
5 display. 

Another aspect of the invention is the use of the 
combination of the Spatial Decoder and the Video Formatter 
for use with only still pictures. The compression standard 
independent Spatial Decoder performs all of the data 

10 processing within the boundaries of a single picture. Such 
a decoder handles the spatial decompression of the internal 
picture data which is passing through the pipeline and is 
distributed within associated random access memories, 
standard independent address generation circuits for handling 

15 the storage and retrieval of information into the memories. 
Still picture data is decoded at the output of the Spatial 
Decoder, and this output is employed as input to the multi- 
standard, configurable video Formatter, which then provides 
an output to the display terminal. In a first sequence of 

20 similar pictures, each decompressed picture at the output of 
the Spatial Decoder is of the same length in bits by the time 
the picture reaches the output of the Spatial Decoder. A 
second sequence of pictures may have a totally different 
picture size and, hence, have a different length when 

25 compared to the first length. Again, all such second 
sequence of similar pictures are of the same length in bits 
by the time such pictures reach the output of the Spatial 
Decoder. 

Another aspect of the invention is to internally organize 
20 the incoming standard dependent bitstream into a sequence of 
control tokens and DATA tokens, in combination with a 
plurality of sequentially-positioned reconf igurabie 
processing stages selected and organized to act as a 
standard- independent, reconf igurable-pipe line-processor . 
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J^ith regard to JPEG decoding, a single Spatial Decoder 
with no off chip DRAM can rapidly decode baseline JPEG 
images. The Spatial Decoder supports all features of 
baseline JPEG encoding standards. However, the image size 
5 that can be decoded may be limited by the size of the output 
buffer provided. The Spatial Decoder circuit also includes 
a random access memory circuit, having machine-dependent, 
standard independent address generation circuits for handling 
the storage of information into the memories, 

10 As previously, indicated the Temporal Decoder is not 

required to decode JFEG-encoded video. Accordingly, signals 
carried by DATA tokens pass directly through the Temporal 
Decoder without further processing when the Temporal Decoder 
is configured for a JPEG operation. 

15 Another aspect of the present invention is to provide in 

the Spatial Decoder a pair of memory circuits, such as buffer 
memory circuits, for operating in combination with the 
Huffman decoder / video demultiplexer circuit (HD & VDM) . A 
first buffer memory is positioned before the HD & VDM, and a 

20 second buffer memory is positioned after the HD & VDM. The 
HD & VDM decodes the bitstream from the binary ones and zeros 
that are in the standard encoded bitstream and turns such 
stream into numbers that are used downstream. The advantage 
of the two buffer system is for implementing a multi-standard 

25 decompression system. These two buffers, in combination with 
the identified implementation of the Huffman decoder, are 
described hereinafter in greater detail. 

A still further aspect of the present multi-standard, 
decompression circuit is the combination of a Start Code 

3 0 Detector circuit positioned upstream of the first forward 
buffer operating in combination with the Huffman decoder. 
One advantage of this combination is increased flexibility in 
dealing with the input bitstream, particularly padding, which 
has to be added to the bitstream. The placement of these 
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ident-i^j-ed components, Start Code Detector, memory buffers, 
and Huffman decoder enhances the handling of certain 
sequences in the input bitstream. 

In addition, off chip DRAMs are used for decoding JPEG- 
5 encoded video pictures in real time. The size and speed of 
the buffers used with the DRAMs will depend on the video 
encoded data- rates. 

The coding standards identify all of the standard 
dependent types of information that is necessary for storage 

10 in the DRAMs associated with the Spatial Decoder using 
standard independent circuitry. 
3. MOTION PICTURE DECOMPRESSION 

In the present invention, if motion pictures are being 
decompressed through the steps of decoding, a further 

15 Temporal Decoder is necessary. The Temporal Decoder combines 
the data decoded in the Spatial Decoder with pictures, 
previously decoded, that are intended for display either 
before or after the picture being currently decoded. The 
Temporal Decoder receives, in the picture coded datastream, 

20 information to identify this temporally-displaced 
information. The Temporal Decoder is organized to address 
temporally and spatially displaced information, retrieve it, 
and combine it in such a way as to decode the information 
located in one picture with the picture currently being 

2 5 decoded and ending with a resultant picture that is complete 
and is suitable for transmission to the video formatter for 
driving the display screen. Alternatively, the resultant 
picture can be stored for subsequent use in temporal decoding 
of subsequent pictures. 

20 Generally, the Temporal Decoder performs the processing 

between pictures either earlier and/or later in time with 
reference to the picture currently being decoded. The 
Temporal Decoder reintroduces information that is not encoded 
within the coded representation of the picture, because it is 
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redurWant and is already available at the decoder. More 
specifically, it is probable that any given picture will 
contain similar information as pictures temporally 
surrounding it, both before and after. This similarity can 
5 be made greater if motion compensation is applied. The 
Temporal Decoder and decompression circuit also reduces the 
redundancy between related pictures. 

In another aspect of the present invention, the Temporal 
Decoder is employed for handling the standard-dependent 

10 output information from the Spatial Decoder. This standard 
dependent information for a single picture is distributed 
among several areas of DRAM in the sense that the 
decompressed output information, processed by the Spatial 
Decoder, is stored in other DRAM registers by other random 

15 access memories having still other machine-dependent, 
standard-independent address generation circuits for 
combining one picture of spatially decoded information packet 
of spatially decoded picture information, temporally 
displaced relative to the temporal position of the first 

20 picture. 

In multi-standard circuits capable of decoding MPEG- 
encoded signals, larger logic DRAM buffers may be required to 
support the larger picture formats possible with MPEG . 

The picture information is moving through the serial 
25 pipeline in 8 pel by 8 pel blocks. In one form of the 
invention, the address decoding circuitry handles these pel 
blocks (storing and retrieving) along such block boundaries. 
The address decoding circuitry also handles the storing and 
retrieving of such 8 by 3 pel blocks across such boundaries. 
30 This versatility is more completely described hereinafter. 

A second Temporal Decoder may also be provided which 
passes the output of the first decoder circuit (the Spatial 
Decoder) directly to the Video Formatter for handling without 
signal processing delay. 
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IbV Tem P oral Decoder also reprders the blocks of picture 
data for display by a display circuit* The address decode 
circuitry, described hereinafter, provides handling of this 
reordering . 

5 As previously mentioned, one important feature of the 

Temporal Decoder is to add picture information together from 
a selection of pictures which have arrived earlier or later 
than the picture under processing. When a picture is 
described in this context, it may mean any one of the 
10 following: 

1. The coded data representation of the picture; 

2. The result, i.e., the final decoded picture 
resulting from the addition of a process step 
performed by the decoder; 

15 3. Previously decoded pictures read from the DRAM; and 
4. The result of the spatial decoding, i.e., the extent 
of data between a PICTURE_START token and a 
subsequent PICTURE_END token. 

After the picture data information is processed by the 
20 Temporal Decoder, it is either displayed or written back into 
a picture memory location. This information is then kept for 
further reference to be used in processing another different 
coded data picture. 

Re-ordering of the MPEG encoded pictures for visual 
25 display involves the possibility that a desired scrambled 
picture can be achieved by varying the re-ordering feature of 
the Temporal Decoder. 

4 . RAM MEMORY MAP 

The Spatial Decoder, Temporal Decoder and Video 
20 Formatter all use external DRAM. Preferably, the same DRAM 
is used for all three devices. While all three devices use 
DRAM , and all three devices use a DRAM interface m 
con]unction with an address generator, what each implements 
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in DRAM is different. That is, each chip, e.g. Spatial 
Decoder and Temporal Decoder, have a different DRAM interface 
and address generation circuitry even through they use a 
similar physical, external DRAM. 

In brief, the Spatial Decoder implements two FIFOs in 
the common DRAM. Referring again to Figure 11, one FIFO 54 
is positioned before the Huffman decoder 56 and parser, and 
the other is positioned after the Huffman decoder and parser * 
The FIFOs are implemented in a relatively straightforward 
manner. For each FIFO, a particular portion of DRAM is set 
aside as the physical memory in which the FIFO will be 
implemented. 

The address generator associated with the Spatial 
Decoder DRAM interface 58 keeps track of FIFO addresses using 
two pointers. One pointer points to the first word stored in 
the FIFO, the other pointer points to the last word stored in 
the FIFO, thus allowing read/ write operation on the 
appropriate word. When, in the course of a read or write 
operation, the end of the physical memory is reached, the 
address generator "wraps around" to the start of the physical 
memory . 

In brief, the Temporal Decoder of the present invention 
must be able to store two full pictures or frames of whatever 
encoding standard (MPEG or H.261) is specified. For 
simplicity, the physical memory in the DRAM into which the 
two frames are stored is split into two halves, with each 
half being dedicated (using appropriate pointers) to a 
particular one of the two pictures. 

MPEG uses three different picture types: Intra (I) , 
Predicted (P) and Bidirectionally interpolated (B) . As 
previously mentioned, B pictures are based on predictions 
from two pictures. One picture is from the future and one 
from the past. I pictures require no further decoding by the 
Temporal Decoder, but must be stored in one of the two 
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pictu*-e buffers for later use in decoding P and B pictures. 
Decoding P pictures requires forming predictions from a 
previously decoded P or I picture. The decoded P picture is 
stored in a picture buffer for use decoding P and B pictures. 
5 B pictures can require predictions form both of the picture 
buffers. However, B pictures are not stored in the external 
DRAM. 

Note that I and P pictures are not output fron the 
Temporal Decoder as they are decoded. Instead, I and P 

10 pictures are written into one of the picture buffers, and are 
read out only when a subsequent I or P picture arrives for 
decoding. In other words, the Temporal Decoder relies on 
subsequent P or I pictures to flush previous pictures out of 
the two picture buffers, as further discussed hereinafter in 

15 the section on flushing. In brief, the Spatial Decoder can 
provide a fake I or P picture at the end of a video sequence 
to flush out the last P or I picture. In turn, this fake 
picture is flushed when a subsequent video sequence starts. 
The peak memory band width load occurs when decoding B 

20 pictures. The worst case is the B frame may be formed from 
predictions from both the picture buffers, with all 
predictions being made to half-pixel accuracy. 

As previously described, the Temporal Decoder can be 
configured to provide MPEG picture reordering. With this 

25 picture reordering, the output of P and I pictures is delayed 
until the next P or I picture in the data stream starts to be 
decoded by the Temporal Decoder. 

As the P or I pictures are reordered, certain tokens are 
stored temporarily on chip as the picture is written into the 

30 picture buffers. When the picture is read out for display, 
these stored tokens are retrieved. At the output of the 
Temporal Decoder, the DATA Tokens of the newly decoded P or 
I picture are replaced with DATA Tokens for the older P or I 
picture . 
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^contrast, H.261 makes predictions only from the 
picture just decoded. As each picture is decoded, it is 
vritten into one of the two picture buffers so it can be used 
in decoding the next picture. The only DRAM memory 
5 operations required are writing 3x3 blocks, and forming 
predictions with integer accuracy motion vectors. 

In brief, the Video Formatter stores three frames or 
pictures. Three pictures need to be stored to accommodate 
such features as repeating or skipping pictures. 

10 5. BITSTREAM CHARACTERISTICS 

Referring now particularly to the Spatial Decoder of the 
present invention, it is helpful to review the bitstream 
characteristics of the encoded datastream as these 
characteristics must be handled by the circuitry of the 

15 Spatial Decoder and the Temporal Decoder. For example, under 
one or more compression standards, the compression ratio of 
the standard is achieved by varying the number of bits that 
it uses to code the pictures of a picture. The number of 
bits can vary by a wide margin. Specifically, this means 

20 that the length of a bitstream used to encode a referenced 
picture of a picture might be identified as being one unit 
long, another picture might be a number of units long, while 
still a third picture could be a fraction of that unit* 

None of the existing standards (MPEG 1.2, JPEG , H.261) 

25 define a way of ending a picture, the implication being that 
when the next picture starts, the current one has finished. 
Additionally, the standards (H.261 specifically) allow 
incomplete pictures to be generated by the encoder. 

In accordance with the present invention, there is 

30 provided a way of indicating the end of a picture by using 
one of its tokens: PICTUR£_END . The still encoded picture 
data leaving the Start Code Detector consists of pictures 
starting with a PICTURE_START token and ending with a 
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PICTUR£_END token, but still of widely varying length. There 
nay be other information transmitted here (between the first 
and second picture) , but it is known that the first picture 
has finished. 

The data stream at the output of the Spatial Decoder 
consists of pictures, still with picture-starts and picture- 
ends, of the same length (number of bits) for a given 
sequence. The length of time between a picture-start and a 
picture-end may vary. 

The Video Formatter takes these pictures of non-uniform 
time and displays them on a screen at a fixed picture rate 
determined by the type of display being driven. Different 
display rates are used throughout the world , e.g. PAL-NTSC 
television standards. This is accomplished by selectively 
dropping or repeating pictures in a manner which is unique. 
Ordinary "frame rate converters," e.g. 2-3 pulldown, operate 
with a fixed input picture rate, whereas the video Formatter 
can handle a variable input picture rate. 

6. RECONFIGURABLE PROCESSING STAGE 

Referring again to Figure 10, the reconf igurable 
processing stage (RPS) comprises a token decode circuit 3 3 
which is employed to receive the tokens coming from a two 
wire interface 37 and input latches 34. The output of the 
token decode circuit 33 is applied to a processing unit 36 
over the two-wire interface 37 and an action identification 
circuit 39, The processing unit 36 is suitable for 
processing data under the control of the action 
identification circuit 39. After the processing is 
completed, the processing unit 36 connects such completed 
signals to the output, two-wire interface bus 4 0 through 
output latches 41. 

The action identification decode circuit 39 has an 
input from the token decode circuit 3 3 over the two-wire 
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interface bus 40 and/or from memory circuits 43 and 44 over 
two-wire interface bus 46. The tokens from the token decode 
circuit 33 are applied simultaneously to the action 
identification circuit 3 9 and the processing unit 36* The 
action identification function as well as the RPS is 
described in further detail by tables and figures in a 
subsequent portion of this specification. 

The functional block diagram in Figure 10 
illustrates those stages shown in Figures 11 , 12 and 13 which 
are not standard independent circuits. The data flows 
through the token decode circuit 33 , through the processing 
unit 3 6 and onto the two-wire interface circuit 42 through 
the output latches 41. If the Control Token is recognized. by 
the RPS, it is decoded in the token decode circuit 3 3 and 
appropriate action will be taken. If it is not recognized, 
it will be passed unchanged to the output two-wire interface 
4 2 through the output circuit 41. The present invention 
operates as a pipeline processor having a two-wire interface 
for controlling the movement of control tokens through the 
pipeline. This feature of the invention is described in 
greater detail in the previously filed EPO patent application 
number 92306038 . 8 . 

In the present invention, the token decode circuit 3 3 is 
employed for identifying whether the token presently entering 
through the two-wire interface 42 is a DATA token or control 
token. In the event that the token being examined by the 
token decode circuit 33 is recognized, it is exited to the 
action identification circuit 39 with a proper index signal 
or flag signal indicating that action is to be taken. At the 
same time, the token decode circuit 3 3 provides a proper flag 
or index signal to the processing unit 36 to alert it to the 
presence of the token being handled by the action 
identification circuit 39. 
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Control tokens may also be processed. 

A more detailed description of the various types of 
tokens usable in the present invention will be subsequently 
described hereinafter. For the purpose of this portion of 
5 the specification, it is sufficient to note that the address 
carried by the control token is decoded in the decoder 3 3 and 
is used to access registers contained within the action 
identification circuit 39. When the token being examined is 
a recognized control token, the action identification circuit 

10 39 uses its reconfiguration state circuit for distributing 
the control signals throughout the state machine. As 
previously mentioned, this activates the state machine of the 
action identification decoder 39, which then reconfigures 
itself. For example, it may change coding standards. In 

15 this way, the action identification circuit 39 decodes the 
required action for handling the particular standard now 
passing through the state machine shown with reference to 
Figure 10. 

Similarly, the processing unit 36 which is under 

2 0 the control of the action identification circuit 3 9 is now 

ready to process the information contained in the data fields 
of the DATA token when it is appropriate for this to occur. 
On many occasions, a control token arrives first, 
reconfigures the action identification circuit 39 and is 
25 immediately followed by a DATA token which is then processed 
by the processing unit 36. The control token exits the 
output latches circuit 41 over the output two-wire interface 
4 2 immediately preceding the DATA token which has been 
processed within the processing unit 36. 

3 0 In the present invention, the action identification 

circuit, 39, is a state machine holding history state. The 
registers, 43 and 44 hold information that has been decoded 
from the token decoder 3 3 and stored in these registers. 
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Such registers can be either on-chip or-off chip as needed. 
These plurality of state registers contain action information 
connected to the action identification currently being 
identified in the action identification circuit 39. This 
5 action information has been stored from previously decoded 
tokens and can affect the action that is selected. The 
connection 40 is going straight from the token decode 3 3 to 
the action identification block 39. This is intended to show 
that the action can also be affected by the token that is 

10 currently being processed by the token decode circuit 33. 

In general, there is shown token decoding and data 
processing in accordance with the present invention. The 
data processing is performed as configured by the action 
identification circuit 39. The action is affected by a 

15 number of conditions and is affected by information generally 
derived from a previously decoded token or, more 
specifically, information stored from previously decoded 
tokens in registers 43 and 44, the current token under 
processing, and the state and history information that the 

2 0 action identification unit 39 has itself acquired. A 
distinction is thereby shown between Control tokens and DATA 
tokens. 

In any RPS, some tokens are viewed by that RPS unit as 
being Control tokens in that they affect the operation of the 

2 5 RPS presumably at some subsequent time. Another set of 
tokens are viewed by the RPS as DATA tokens. Such DATA 
tokens contain information which is processed by the RPS in 
a way that is determined by the design of the particular 
circuitry, the tokens that have been previously decoded and 

30 the state of the action identification circuit 39. Although 
a particular RPS identifies a certain set of tokens for that 
particular RPS control and another set of tokens as data, 
that is the view of that particular RPS. Another RPS can 
have a different view of the same token. Some of the tokens 
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might^a* viewed by one RPS unit as DATA Tokens while another 
RPS unit might decide that it is actually a Control Token. 
For example, the quantization table information, as far as 
the Huffr.an decoder and state machine is concerned, is data, 
5 because it arrives on its input as coded data, it gets 
formatted up into a series of 8 bit words, and they get 
formed into a token called a quantization table token 
(QUANT_TABLE) which goes down the processing pipeline. As 
far as that machine is concerned, all of that was data; it 

L0 was handling data, transforming one sort of data into another 
sort of data, which is clearly a function of the processing 
performed by that portion of the machine. However, when that 
information gets to the inverse quantizer, it stores the 
information in that token a plurality of registers. In fact, 

15 because there are 64 8-bit numbers and there are many 
registers, in general, many registers may be present. This 
information is viewed as control information, and then that 
control information affects the processing that is done on 
subsequent DATA tokens because it affects the number that you 

20 multiply each data word. There is an example where one stage 
viewed that token as being data and another stage viewed it 
as being control. 

Token data, in accordance with the invention is almost 
universally viewed as being data through the machine. One of 

2 5 the important aspects is that, in general, each stage of 
circuitry that has a token decoder will be looking for a 
certain set of tokens, and any tokens that it does not 
recognize will be passed unaltered through the stage and down 
the pipeline, so that subsequent stages downstream of the 

30 current stage have the benefit of seeing those tokens and may 
respond to them. This is an important feature, namely there 
can be communication between blocks that are not adjacent to 
one another using the token mechanism. 

Another important feature of the invention is that each of 
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the stages of circuitry has the processing capability within 
it to be able to perforin the necessary operations for each of 
the standards , and the control, as to which operations are to 
be performed at a given time, cone as tokens. There is one 
5 processing element that differs between the different stages 
to provide this capability. In the state machine ROM of the 
parser, there are three separate entirely different programs, 
one for each of the standards that are dealt with. Which 
program is executed depends upon a CODING_STANDARD token. In 

10 otherwords, each of these three programs has within it the 
ability to handle both decoding and the CODING_STANDARD 
standard token* When each of these programs sees which 
coding standard, is to be decoded next, they literally jump 
to the start address in the microcode ROM for that particular 

15 program. This is how stages deal with multi-standardness . 

Two things are affected by the different standards. 
First, it affects what pattern of bits in the bitstream are 
recognized as a start-code or a marker code in order to 
reconfigure the shift register to detect the length of the 

2 0 start marker code. Second, there is a piece of information 

in the microcode that denotes what that start or marker code 
means. Recall that the coding of bits differs between the 
three standards. Accordingly, the microcode looks up in a 
table, specific to that compressor standard, something that 
25 is independent of the standard, i.e., a type of token that 
represents the incoming codes. This token is typically 
independent of the standard since in most cases, each of the 
various standards provide a certain code that will produce 
it. 

3 0 The inverse quantizer 79 has a mathematical 

capability. The quantizer multiplies and adds, and has the 
ability to do all three compression standards which are 
configured by parameters. For example, a flag bit in the ROM 
in control tells the inverse quantizer whether or not to add 
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a constant, K. Another flag tells the inverse quantizer 
whether to add another constant. The inverse quantizer 
remembers in a register the CODING^ STANDARD token as it flows 
by the quantizer. When DATA tokens pass thereafter, the 
inverse quantizer remembers what the standard is and it looks 
up the parameters that it needs to apply to the processing 
elements in order to perform a proper operation* For 
example, the inverse quantizer will look up whether K is set 
to 0, or whether it is set to 1 for a. particular compression 
standard, and will apply that to its processing circuitry. 

In a similar sense the Huffman decoder 56 has a number 
of tables within it, some for JPEG, some for MPEG and some 
for H.261. The majority of those tables, in fact, will 
service more than one of those compression standards* Which 
tables are used depends on the syntax of the standard. The 
Huffman decoder works by receiving a command from the state 
machine which tells it which of the tables to use. 
Accordingly, the Huffman decoder does not itself directly 
have a piece of state going into it, which is remembered and 
which says what coding it is performing. Rather, it is the 
combination of the parser state machine and Huffman decoder 
together that contain information within them. 

Regarding the Spatial Decoder of the present 
invention, the address generation is modified and is similar 
to that shown in Figure 10, in that a number of pieces of 
information are decoded from tokens, such as the coding 
standard. The coding standard and additional information as 
well, is recorded in the registers and that affects the 
progress of the address generator state machine as it steps 
through and counts the. macroblocks in the system, one after 
the other. The last stage would be the prediction filter 179 
(Figure 17) which operates in one of two modes, either H.261 
or MPEG and are easily identified. 
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7. MtiW STANDARD CODING 

The system of the present invention also provides a 
combination of the standard-independent indices generation 
circuits, which are strategically placed throughout the 
5 system in combination with the token decode circuits. For 
example, the system is employed for specifically decoding 
either the H.261 video standard, or the MPEG video standard 
or the JPEG video standard. These three compression coding 
standards specify similar processes to be done on the 

10 arriving data, but the structure of the datastreams is 
different. As previously discussed, it is one of the 
functions of the Start Code Detector to detect MPEG start- 
codes, H.261 start-codes, and JPEG marker codes, and convert 
them all into a form, i.e., a control token which includes a 

15 token stream embodying the current coding standard. The 
control tokens are passed through the pipeline processor, and 
are used, i.e., decoded, in the state machines to which they 
are relevant, and are passed through other state machines to 
which the tokens are not relevant. In this regard, the DATA 

20 Tokens are treated in the same fashion, insofar as they are 
processed only in the state machines that are configurable by 
the control tokens into processing such DATA Tokens. In the 
remaining state machines, they pass through unchanged. 

More specifically, a control token in accordance with 

2 5 the present invention, can consist of more than one word in 
the token. In that case, a bit known as the extension bit is 
set specifying the use of additional words in the token for 
carrying additional information. Certain of these additional 
control bits contain indices indicating information for use 

ZZ m corresponding state machines to create a set of standard- 
independent indices signals. The remaining portions of the 
token are used to indicate and identify the internal 
processing control function which is standard for all of the 
datastreams passing through the pipeline processor. In one 
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form of the invention, the token extension is used to carry 
the current coding standard which is decoded by the relative 
token decode circuits distributed throughout the machine, and 
is used to reconfigure the action identification circuit 39 
5 of stages throughout the machine wherever it is appropriate 
to operate under a new coding standard. Additionally, the 
token decode circuit can indicate whether a control token is 
related to one of the selected standards which the circuit 
was designed to handle. 

10 More specifically, an MPEG start code and a JPEG marker 

are followed by an 8 bit value. The H.261 start code is 
followed by a 4 bit value. In this context, the Start Code 
Detector 51 , by detecting either an MPEG start-code or a JPEG 
marker, indicates that the following 8 bits contain the value 

15 associated with the start-code. Independently, it can then 
create a signal which indicates that it is either an MPEG 
start code or a JPEG marker and not an H.261 start code. In 
this first instance, the 8 bit value is entered into a decode 
circuit, part of which creates a signal indicating the index 

2 0 and flag which is used within the current circuit for 

handling the tokens passing through the circuit. This is 
also used to insert portions of the control token which will 
be looked at thereafter to determine which standard is being 
handled. In this sense, the control token contains a portion 
25 indicating that it is related to an MPEG standard, as well as 
a portion which indicates what type of operation should be 
performed on the accompanying data. As previously discussed, 
this information is utilized in the system to reconfigure the 
processing stage used to perform the function required by the 

3 0 various standards created for that purpose. 

For example, with reference to the H.261 start code, it 
is associated with a 4 bit value which follows immediately 
after the start code. The Start Code Detector passes this 
value into the token generator state machine. The value is 



112 



applied to an 8 bit decoder which produces a 3 bit start 
number. The start number is employed to identify the 
picture-start of a picture number as indicated by the value. 
The system also includes a multi-stage parallel 
5 processing pipeline operating under the principles of the 
two-wire interface previously described. Each of the stages 
comprises a machine generally taking the form illustrated in 
Figure 10. The token decode circuit 33 is employed to direct 
the token presently entering the state machine into the 

10 action identification circuit 39 or the processing unit 36, 
as appropriate. The processing unit has been previously 
reconfigured by the next previous control token into the form 
needed for handling the current coding standard, which is now 
entering the processing stage and carried by the next DATA 

15 token. Further, in accordance with this aspect of the 
invention, the succeeding state machines in the processing 
pipeline can be functioning under one coding standard, i.e., 
H.261, while a previous stage can be operating under a 
separate standard, such as MPEG. The same two-wire interface 

2 0 is used for carrying both the control tokens and the DATA 

Tokens . 

The system of the present invention also utilizes 
control tokens required to decode a number of coding 
standards with a fixed number of reconf igurable processing 
25 stages. More specifically, the PICTURE_END control token is 
employed because it is important to have an indication of 
when a picture actually ends. Accordingly, in designing a 
multi-standard machine, it is necessary to create additional 
control tokens within the multi -standard pipeline processing 

3 0 machine which will then indicate which one of the standard 

decoding techniques to use. Such a control token is the 
PICTURE_END token. This PICTURE_END token is used to 
indicate that the current picture has finished, to force the 
buffers to be flushed, and to push the current picture 
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through the decoder to the display. 

8. MULT I - STANDARD PROCESSING CIRCUIT - SECOND 
MODE OF OPERATION 

A compression standard-dependent circuit, in the form of 
the previously described Start Code Detector, is suitably 
interconnected to a compression standard- independent circuit 
over an appropriate bus. The standard-dependent circuit is 
connected to a combination dependent- independent circuit over 
the same bus and an additional bus. The standard-independent 
circuit applies additional input to the standard dependent- 
independent circuit, while the latter provides information 
back to the standard- independent circuit. Information from 
the standard- independent circuit is applied to the output 
over another suitable bus. Table 600 illustrates that the 
multiple standards applied as the input to the standard- 
dependent Start Code Detector 51 include certain bit streams 
which have standard-dependent meanings within each encoded 
bit stream. 

9. START-CODE DETECTOR 

As previously indicated the Start Code Detector, in 
accordance with the present invention, is capable of taking 
MPEG, JPEG and H.261 bit streams and generating from them a 
sequence of proprietary tokens which are meaningful to the 
rest of the decoder. As an example of how multi-standard 
decoding is achieved, the MPEG (1 and 2) picture_start_code , 
the H.2 61 picture_start_code and the JPEG start_of_scan (SOS) 
marker are treated as equivalent by the Start Code Detector, 
and all will generate an internal P I CTURE_ST ART token. In a 
similar way, the MPEG se*quence_start_code and the JPEG SOI 
(start_of_image) marker both generate a machine 
sequence_start_token. The H.261 standard, however, has no 
equivalent start code. Accordingly, the Start Code Detector, 
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in r^sp^nse to the first H.261 p icture_start_code , wm 
generate a sequence_start token. 

None of the above described images are directly used 
other than in the SCO. Rather, a machine PICTURE_START 
5 token, for example, has been deemed to be equivalent to the 
PICTURE_START images contained in the bit stream. 
Furthermore, it must be borne in mind that the machine 
PICTURE_START by itself, is not a direct image of the 
PICTURE_START in the standard. Rather, it is a control token 
10 which is used in combination with other control tokens to 
provide standard-independent decoding which emulates the 
operation of the images in each of the compression coding 
standards. The combination of control tokens in combination 
with the reconfiguration of circuits, in accordance with the 
15 information carried by control tokens, is unique in and of 
itself, as well as in further combination with indices and/or 
flags generated by the token decode circuit portion of a 
respective state machine. A typical reconf igurable state 
machine will be described subsequently. 
20 Referring again to Table 600, there are shown the names 

of a group of standard images in the left column. In the 
right column there are shown the machine dependent control 
tokens used in the emulation of the standard encoded signal 
which is present or not used in the standard image. 
25 with reference to Table 600, it can be seen that a 

machine sequence_start signal is generated by the Start Code 
Detector, as previously described, when it decodes any one of 
the standard signals indicated in Table 600. The Start Code 
Detector creates sequence_start , group_start, sequence_end , 
2 0 slice_start, user-data, extra-data and P I CTURE_START tokens 
for application to the' two-wire interface which is used 
throughout the system. Each of the stages which operate in 
conjunction with these control tokens are configured by zr.s 
contents of the tokens, or are configured by indices created 
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by coTTt^hts of the tokens, and are prepared to handle data 
which is expected to be received when the picture DATA Token 
arrives at that station. 

As previously described, one of the compression 
5 standards, such as H.261, does not have a sequence_start 
image in its data stream, nor does it have a PICTURE_END 
image in its data stream. The Start Code Detector indicates 
the PICTURE_END point in the incoming bit stream and creates 
a PICTURE_END token. In this regard, the system of the 

10 present invention is intended to carry data words that are 
fully packed to contain a bit of information in each of the 
register positions selected for use in the practice of the 
present invention. To this end, 15 bits have been selected 
as the number of bits which are passed between two start 

15 codes. Of course, it will be appreciated by one of ordinary 
skill in the art, that a selection can be made to include 
either greater or fewer than 15 bits. In other words, all 15 
bits of a data word being passed from the Start Code Detector 
into the DRAM interface are required for proper operation. 

20 Accordingly, the Start Code Detector creates extra bits, 
called padding, which it inserts into the last word of a DATA 
Token. For purposes of illustration 15 data bits has been 
selected. 

To perform the Padding operation, in accordance with the 
25 present invention, binary o followed by a number of binary 
l's are automatically inserted to complete the 15 bit data 
word. This data is then passed through the coded data buffer 
and presented to the Huffman decoder, which removes the 
padding. Thus, an arbitrary number of bits can be passed 
20 through a buffer of fixed size and width. 

In one embodiment, a slice_start control token is used 
to identify a slice of the picture. A slice_start control 
token is employed to segment the picture into smaller 
regions. The size of the region is chosen by the encoder, 
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and tte .Start Code Detector identifies this unique pattern of 
the slice_start code in order for the machine-dependent state 
stages, located downstream from the Start Code Detector to 
segment the picture being received into smaller regions. The 
size of the region is chosen by the encoder, recognized by 
the Start Code Detector and used by the recombination 
circuitry and control tokens to decompress the encoded 
picture. The s 1 ice_start_codes are principally used for 
error recovery. 

The start codes provide a unique method of starting up 
the decoder, and this will subsequently be described in 
further detail. There are a number of advantages in placing 
the Start Code Detector before the coded data buffer, as 
opposed to placing the Start Code Detector after the coded 
data buffer and before the Huffman decoder and video 
demultiplexer . Locating the Start Code Detector before the 
first buffer allows it to 1) assemble the tokens, 2) decode 
the standard control signals, such as start codes, 3) pad the 
bitstream before the data goes into the buffer, and 4) create 
the proper sequence of control tokens to empty the buffers, 
pushing the available data from the buffers into the Huffman 
Decoder . 

Most of the control token output by the Start Code 
Detector directly reflect syntactic elements of the various 
picture and video coding standards. The Start Code Detector 
converts the syntactic elements into control tokens. in 
addition to these natural tokens, some unique and/or machine- 
dependent tokens are generated. The unique tokens include 
those tokens which have been specifically designed for use 
with the system of the present invention which are unique in 
and of themselves, and are employed for aiding in the multi- 
standard nature of the present invention. Examples of such 
unique tokens include PICTURE_END and CODING_STANDARD . 

Tokens are also introduced to remove some of the 
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synta«*c differences between the coding standards and to 
function in co-operation with the error conditions. The 
automatic token generation is done after the serial analysis 
of the standard-dependent data. Therefore, the Spatial 
5 Decoder responds equally to tokens that have been supplied 
directly to the input of the Spatial Decoder, i.e. the SCD, 
as well as to tokens that have been generated following the 
detection of the start-codes in the coded data. A sequence 
of extra tokens is inserted into the two- wire interface in 
10 order to control the multi-standard nature of the present 
invention . 

The MPEG and H.261 coded video streams contain standard 
dependent, non-data, identifiable bit patterns, one of which 
is hereinafter called a start image and/or standard-dependent 

15 code* A similar function is served in JPEG, by marker codes. 
These start/marker codes identify significant parts of the 
syntax of the coded datastream. The analysis of start/marker 
codes performed by the Start Code Detector is the first stage 
in parsing the coded data. 

20 The start/marker code patterns are designed so that they 

can be identified without decoding the entire bit stream. 
Thus, they can be used, in accordance with the present 
invention, to assist with error recovery and decoder start- 
up. The start Code Detector provides facilities to detect 

2 5 errors in the coded data construction and to assist the 
start-up of the decoder. The error detection capability of 
the Start Code Detector will subsequently be discussed in 
further detail, as will the process of starting up of the 
decoder . 

20 The aforementioned description has been concerned 

primanlty with the characteristics of the machine-dependent 
bit stream and its relationship with the addressing 
characteristics of the present invention. The following 
description is of the bit stream characteristics of the 
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stanc^rd-dependent coded data with reference to the start 
Code Detector. 

Each of the standard compression encoding systems 
employs a unique start code configuration or image which has 
5 been selected to identify that particular compression 
specification. Each of the start codes also carries with it 
a start code value. The start code value is employed to 
identify within the language of the standard the type of 
operation that the start code is associated with. In the 

10 multi-standard decoder of the present invention, the 
compatibility is based upon the control token and DATA token 
configuration as previously described. Index signals, 
including flag signals, are circuit-generated within each 
state machine, and are described hereinafter as appropriate, 

15 The start and/or marker codes contained in the 

standards, as well as other standard words as opposed to data 
words, are sometimes identified as images to avoid confusion 
with the use of code and/or machine-dependent codes to refer 
to the contents of control and/or DATA tokens used in the 

20 machine. Also, the term start code is often used as a 
generic term to refer to JPEG marker codes as well as MPEG 
and H.261 start codes. Marker codes and start codes serve 
the same purpose. Also, the term "flush" is used both to 
refer to the FLUSH token, and as a verb, for example when 

2*5 referring to flushing the Start Code Detector shift registers 
(including the signal "flushed"). To avoid confusion, the 
FLUSH token is always written in upper case. All other uses 
of the term (verb or noun) are in lower case. 

The standard-dependent coded input picture input stream 

3 j comprises data and start images of varying lengths. The 
start images carry with them a value telling the user what 
operation is to be performed on the data which immediately 
follows according to the standard. However, in the multi- 
standard pipeline processing system of the present invention, 
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where compatibility is required for multiple standards, the 
system has been optimized for handling all functions in all 
standards. Accordingly, in many situations, unique start 
control tokens must be created which are compatible not only 
with the values contained in the values of the encoded signal 
standard image, but which are also capable of controlling the 
various stages to emulate the operation of the standard as 
represented by specified parameters for each standard which 
are well known in the art. All such standards are 
incorporated by reference into this specification. 

It is important to understand the relationship between 
tokens which, alone or in combination with other control 
tokens, emulate the nondata information contained in the 
standard bit stream. A separate set of index signals, 
including flag signals, are generated by each state machine 
to handle some of the processing within that state machine. 
Values carried in the standards can be used to access machine 
dependent control signals to emulate the handling of the 
standard data and non-data signals. For example, the 
slice_start token is a two word token, and it is then entered 
onto the two wire interface as previously described. 

The data input to the system of the present invention 
may be a data source from any suitable data source such as 
disk, tape, etc., the data source providing 8 bit data to the 
first functional stage in the Spatial Decoder, the Start Code 
Detector 51 (Figure 11) . The Start Code Detector includes 
three shift registers; the first shift register is 8 bits 
wide, the next is 24 bits wide, and the next is 15 bits wide. 
Each of the registers is part of the two-wire interface. The 
data from the data source is loaded into the first register 
as a single 8 bit byte during one timing cycle. Thereafter, 
the contents of the first shift register is shifted one bit 
at a time into the decode (second) shift register* After 24 
cycles, the 24 bit register is full. 
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Every 8 cycles , the 8 bit bytes are loaded into the 
first shift register. Each byte is loaded into the value 
shift register 221 (Figure 20) , and 8 additional cycles are 
used to empty it and load the shift register 231. Eight 
cycles are used to empty it, so after three of those 
operations or 24 cycles, there are still three bytes in the 
24 bit register* The value decode shift register 23 0 is 
still empty. 

Assuming that there is now a PICTURE_START word in the 
24 bit shift register, the detect cycle recognizes the 
P I CTURE_ST ART code pattern and provides a start signal as its 
output. Once the detector has detected a start, the byte 
following it is the value associated with that start code, 
and this is currently sitting in the value register 221. 

Since the contents of the detect shift register has been 
identified as a start code, its contents must be removed from 
the two wire interface to ensure that no further processing 
takes place using these 3 bytes. The decode register is 
emptied, and the value decode shift register 230 waits for 
the value to be shifted all the way over to such register. 

The contents now of the low order bit positions of the 
value decode shift register contains a value associated with 
the PICTURE_START . The Spatial Decoder equivalent to the 
standard PICTURE_START signal is referred to as the SD 
P I CTURE — ST ART signal. The SD P I CTURE_START signal itself is 
going to now be contained in the token header, and the value 
is going to be contained in the extension word to the token 
header . 

10. . TOKENS 

In the practice of the present invention, a token is a 
universal adaptation unit in the form of an interactive 
interfacing messenger package for control and/or data 
functions and is adapted for use with a reconf igurable 
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processing stage (RPS) which is a stage, which in response to 
a recognized token, reconfigures itself to perform various 
operations . 

Tokens may be either position dependent or position 

5 independent upon the processing stages for performance of 
various functions. Tokens may also be metamorphic in that 
they can be altered by a processing stage and then passed 
down the pipeline for performance of further functions. 
Tokens may interact with all or less than all of the stages 

0 and in this regard may interact with adjacent and/or non- 
adjacent stages. Tokens may be position dependent for some 
functions and position independent for other functions; and 
the specific interaction with a stage may be conditioned by 
the previous processing history of a stage. 

5 A PICTURE^ END token is a way of signalling the end of a 

picture in a multi-standard decoder. 

A multi-standard token is a way of mapping MPEG, JPEG 
and H.261 data streams onto a single decoder using a mixture 
of standard dependent and standard independent hardware and 

0 control tokens. 

A SEARCH_MODE token is a technique for searching MPEG , 
JPEG and H.261 data streams which allows random access and 
enhanced error recovery. 

A STOP_AFTER_PICTURE token is a method of achieving a 

5 clear end to decoding which signals the end of a picture and 
clears the decoder pipeline, i.e., channel change. 

Furthermore, padding a token is a way of passing an 
arbitrary number of bits through a fixed size, fixed width 
buffer . 

0 The present invention is directed to a pipeline 

processing system which has a variable configuration which 
uses tokens and a two-wire system. The use of control tokens 
and DATA Tokens in combination with a two-wire systen 
facilitates a multi-standard system capable of having 



exterrtted* operating capabilities as compared with those 
systems which do not use control tokens. 

The control tokens are generated by circuitry within the 
decoder processor and emulate the operation of a number of 
different type standard-dependent signals passing into the 
serial pipeline processor for handling. The technique used 
is to study all the parameters of the multi-standards that 
are selected for processing by the serial processor and 
noting l) thein ^similarities, 2) their dissimilarities, 3) 
their needs and requirements and 4) selecting the correct 
token function to effectively process all of the standard 
signals sent into the serial processor. The functions of the 
tokens are to emulate the standards. A control token 
function is used partially as an emulation/ translation 
between the standard dependent signals and as an element to 
transmit control information through the pipeline processor. 

In prior art system,' a dedicated machine is designed 
according to well-known techniques to identify the standard 
and then set up dedicated circuitry by way of microprocessor 
interfaces. Signals from the microprocessor are used to 
control the flow of data through the dedicated downstream 
components. The selection, timing and organization of this 
decompression function* is under the control of fixed logic 
circuitry as assisted by signals coming from the 
microprocessor . 

In contrast, the system of the present invention 
configures the downstream functional stages under the control 
of the control tokens. An option is provided for obtaining 
needed and/or alternative control from the MPU. 

The tokens provide and make a sensible format fcr 
communicating information through the decompression circuit 
pipeline processor. In the design selected hereinafter and 
used in the preferred embodiment, each word of a token is a 
minimum of 8 bits wide, and a single token can extend over 
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one oj^ir\pre words. The width of the token is changeable and 
can be selected as any number of bits. An extension bit 
indicates whether a token is extended beyond the current 
word, i.e., if it is set to binary one in all words of a 
5 token, except the last word of a token. If the first word of 
a token has an extension bit of zero, this indicates that the 
token is only one word. long. 

Each toXen is identified by an address field that starts 
at bit 7 of the first word of the token. The address field 

10 is variable in length and can potentially extend over 
multiple words. In a preferred embodiment, the address is no 
longer than 3 bits long. However, this is not a limitation 
on the invention, but on the magnitude of the processing 
steps elected to be accomplished by use of these tokens. It 

15 is to be noted under the extension bit identification label 
that the extension bit in words 1 and 2 is a 1, signifying 
that additional words will be coming thereafter. The 
extension bit in word 3 is a zero, therefore indicating the 
end of that token. 

2C The token is also capable of variable bit length. For 

example, there are 9 bits in the token word plus the 
extension bit for a total of 10 bits. In the design of the 
present invention, output buses are of variable width. The 
output from the Spatial Decoder is 9 bits wide, or 10 bits 

2*5 wide when the extension bit is included* In a preferred 
embodiment, the only token that takes advantage of these 
extra bits is the DATA token; all other tokens ignore this 
extra bit. It should be understood that this is not a 
limitation, but only an implementation. 

2 0 Through the use of the DATA token and control token 

configuration, it is possible to vary the length of the data 
being carried by these DATA tokens in the sense of the number 
of bits in one word. For example, it has been discussed that 
data bits in word of a DATA Token can be combined with the 
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data £its in another word of the same DATA token to form an 
11 bit or 10 bit address for use in accessing the random 
access memories used throughout this serial decompression 
processor. This provides an additional degree of variability 
5 that facilitates a broad range of versatility. 

As previously described, the DATA token carries data 
from one processing stage to the next. Consequently, the 
characteristics of this token change as it passes through the 
decoder. For example, at the input to the Spatial Decoder, 

10 DATA Tokens carry bit serial coded video data packed into 3 
bit words. Here, there is no limit to the length of each 
token. However, to illustrate the versatility of this aspect 
of the invention (at the output of the Spatial Decoder 
circuit) , each DATA Token carries exactly 64 words and each 

15 word is 9 bits wide. More specifically, the standard 
encoding signal allows for different length messages to 
encode different intensities and details of pictures* The 
first picture of a group normally carries the longest number 
of data bits because it needs to provide the most information 

20 to the processing unit so that it can start the decompression 
with as much information as possible. Words which follow 
later are typically shorter in length because they contain 
the difference signals comparing the first word with 
reference to the second position on the scan information 

25 field. 

The words are interspersed with each other, as required 
by the standard encoding system, so that variable amounts of 
data are provided into the input of the Spatial Decoder. 
However, after the Spatial Decoder has functioned, the 
20 information is provided at its output at a picture format 
rate" suitable for display on a screen. The output rate m 
terns of time of the spatial decoder may vary in order to 
interface with various display systems throughout the world, 
such as NTSC, PAL and SEC AM . The video formatter converts 
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this variable picture rate to a constant picture rate 
suitable for display. However, the picture data is still 
carried by DATA tokens consisting of 64 words. 

11. DRAM INTERFACE 

A single high performance, configurable DRAM interface 
is used on each of the 3 decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, 
the interfaces differ from one to another in how they handle 
channel priorities. This interface is designed to directly 
drive the external DRAMs used by the Spatial Decoder, the 
Temporal Decoder and the Video Formatter. Typically, no 
external logic, buffers or components will be required to 
connect the DRAM interface to the DRAMs in those systems. 

In accordance with the present invention, the interface is 
configurable in two ways: 

1. The detailed timing of the interface can be 
configured to accommodate a variety of different 
DRAM types. 

2. The width of the data interface to the DRAM can 
be configured to provide a cost/performance trade 
off for different applications. 

In general, the DRAM interface is a standard-independent 
block implemented on each of the three chips in the system. 
Again, these are the Spatial Decoder, Temporal Decoder and 
video formatter. Referring again to Figures 11, 12 and 13 , 
these figures show block diagrams that depict the 
relationship between the DRAM interface, and the remaining 
blocks of the Spatial Decoder, Temporal Decoder and video 
formatter, respectively. On each chip, the DRAM interface 
connects the chip to an external DRAM. External DRAM is used 
because, at present, it is not practical to fabricate on chip 
the relatively large amount of DRAM needed. Note: each chip 
has its own external DRAM and its own DRAM interface. 
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Furthermore, while the DRAM interface is compression 
standard-independent, it still must be configured to 
implement each of the multiple standards, H.261, JPEG and 
MPEG . How the DRAM interface is reconfigured for multi- 
5 standard operation will be subsequently further described 
herein . 

Accordingly, to understand the operation of the DRAM 
interface requires an understanding of the relationship 
between the DRAM interface and the address generator, and how 

10 the two communicate using the two wire interface. 

In general, as its name implies, the address generator 
generates the addresses the DRAM interface needs in order to 
address the DRAM (e.g., to read from or to write to a 
particular address in DRAM) . With a two-wire interface, 

L5 reading and writing only occurs when the DRAM interface has 
both data (from preceding stages in the pipeline), and a 
valid address (from address generator). The use of a 
separate address generator simplifies the construction of 
both the address generator and the DRAM interface, as 

20 discussed further below* 

In the present invention, the DRAM interface can operate 
from a clock which is asynchronous to both the address 
generator and to the clocks of the stages through which data 
is passed- Special techniques have been used to handle this 

2 5 asynchronous nature of the operation. 

Data is typically transferred between the DRAM interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 

20 buffer' 1 . This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which carries 
an address from an address generator is associated with eacn 
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swing buffer* 

In the present invention, each of the chips has four swing 
buffers, but the function of these swing buffers is different 
in each case. In the spatial decoder, one swing buffer is 
used to transfer coded data to the DRAM, another to read 
coded data from the DRAM, the third to transfer tokenized 
data to the DRAM and the fourth to read tokenized data from 
the DRAM* In the Temporal Decoder, however, one swing buffer 
is used to write intra or predicted picture data to the DRAM, 
the second to read intra or predicted data from the DRAM and 
the other two are used to read forward and backward 
prediction data* In the video formatter, one swing buffer is 
used to transfer data to the DRAM and the other three are 
used to read data from the DRAM, one for each of luminance 
( Y) and the red and blue color difference data (Cr and Cb, 
respectively) . 

The following section describes the operation of a 
hypothetical DRAM interface which has one write swing buffer 
and one read swing buffer. Essentially , this is the same as 
the operation of the Spatial Decoder's DRAM interface. The 
operation is illustrated in Figure 23. 

Figure 23 illustrates that the control interfaces 
between the address generator 3 01, the DRAM interface 3 02, 
and the remaining stages of the chip which pass data are all 
two wire interfaces. The address generator 301 may either 
generate addresses as the result of receiving control tokens, 
or it may merely generate a fixed sequence of addresses 
(e.g., for the FIFO buffers of the Spatial Decoder). The 
DRAM interface treats the two wire interfaces associated with 
the address generator 3 01 in a special way. Instead of 
keeping the accept line high when it is ready to receive an 
address, it waits for the address generator to supply a valid 
address, processes that address and then sets the accept line 
high for one clock period. Thus, it implements a 
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request /acknowledge (REQ/ACK) protocol . 

A unique feature of the DRAM interface 3 02 is its 
ability to communicate independently with the address 
generator 301 and with the stages that provide or accept the 
data* For example , the address generator may generate an 
address associated with the data in the write swing buffer 
(Figure 24) , but no action will be taken until the write 
swing buffer signals that there is a block of data ready to 
be written to the external DRAM. Similarly, the write swing 
buffer may contain a block of data which is ready to be 
written to the external DRAM, but no action is taken until an 
address is supplied on the appropriate bus from the address 
generator 3 01. Further, once one of the RAMs in the write 
swing buffer has been filled with data, the other may be 
completely filled and "swung" to the DRAM interface side 
before the data input is stalled (the two-wire interface 
accept signal set low) . 

In understanding the operation of the DRAM interface 302 
of the present invention, it is important to note that in a 
properly configured system, the DRAM interface will be able 
to transfer data between the swing buffers and the external 
DRAM 3 03 at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM interface 3 02 determines which swing buffer it 
will service next. In general, this will either be a "round 
robin" (i.e., the next serviced swing buffer is the next 
available swing buffer which has least recently had a turn) , 
or a priority encoder, (i.e., in which some swing buffers 
have a higher priority than others) . In both cases, an 
additional request will come from a refresh request generator 
which has a higher priority than all the other requests. The 
refresh request is generated from a refresh counter which can 
be programmed via the microprocessor interface. 

Referring now to Figure 24, there is shown a block 
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diagram of a write swing buffer. The write swing buffer 
interface includes two blocks of RAM, RAMI 311 and RAM2 312. 
As discussed further herein, data is written into RAMI 311 
and RAM2 312 from the previous stage, under the control of 
the write address 313 and control 314. From RAMI 311 and 
RAM2 312, the data is written into DRAM 515, When writing 
data into DRAM 315, the DRAM row address is provided by the 
address generator, and the column address is provided by the 
write address and control, as described further herein. In 
operation, valid data is presented at the input 316 (data 
in) • Typically, the data is received from the previous 
stage. As each piece of data is accepted by the DRAM 
interface, it is written into RAMI 311 and the write address 
control increments the RAMI address to allow the next piece 
of data to be written into RAMI. Data continues to be 
written into RAMI 311 until either there is no more data, or 
RAMI is full. When RAMI 311 is full, the input side gives up 
control and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes between two 
asynchronous clock regimes and, therefore, passes through 
three synchronizing flip flops. 

Provided RAM2 312 is empty, the next item of data to 
arrive on the input side is written into RAM2 . Otherwise, 
this occurs when RAM2 312 has emptied. When the round robin 
or priority encoder (depending on which is used by the 
particular chip) indicates that it is now the turn of this 
swing buffer to be read, the DRAM interface reads the 
contents of RAMI 311 and writes them to the external DRAM 
315. A signal is then sent back across the asynchronous 
interface, to indicate that RAMI 311 is now ready to be 
filled again. 

If the DRAM interface empties RAMI 311 and "swings" it 
before the input side has filled RAM2 312 , then data can be 
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acceded by the swing buffer continually. Otherwise, when 
RAM 2 is filled, the swing buffer will set its accept single 
low until RAMI has been "swung" back for use by the input 
side . 

The operation of a read swing buffer, in accordance with 
the present invention, is similar, but with the input and 
output data busses reversed. 

The DRAM interface of the present invention is designed 
to maximize the available memory bandwidth. Each 8x8 block 
of data is stored in the same DRAM page. In this way, full 
use can be made of DRAM fast page access modes, where one row- 
address is supplied followed by many column addresses. In 
particular, row addresses are supplied by the address 
generator, while column addresses are supplied by the DRAM 
interface, as discussed further below. 

In addition, the facility is provided to allow the data 
bus to the external DRAM to be 8, 16 or 32 bits wide. 
Accordingly, the amount of DRAM used can be matched to the 
si2e and bandwidth requirements of the particular 
application . 

In this example (which is exactly how the DRAM interface 
on the Spatial Decoder works) the address generator provides 
the DRAM interface with block addresses for each of the read 
and write swing buffers. This address is used as the row 
address for the DRAM. The six bits of column address are 
supplied by the DRAM interface itself, and these bits are 
also used as the address for the swing buffer RAM. The data 
bus to the swing buffers is 32 bits wide. Hence, if the bus 
width to the external DRAM is less than 32 bits, two or four 
external DRAM accesses must be made before the next word is 
read from a write swing buffer or the next word is written to 
a read swing buffer (read and write refer to the direction of 
transfer relative to the external DRAM) • 

The situation is more complex in the case of the 
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Temporal Decoder and the Video Formatter. The Temporal 
Decoder's addressing is more complex because of its 
predictive aspects as discussed further in this section. The 
video formatter's addressing is more complex because of 
multiple video output standard aspects, as discussed further 
in the sections relating to the video formatter* 

As mentioned previously, the Temporal Decoder has four 
swing buffers: two are used to read and write decoded intra 
and predicted (I and P) picture data. These operate as 
described above. The other two are used to receive 
prediction data. These buffers are more interesting. 

In general, prediction data will be offset from the 
position of the block being processed as specified in the 
motion vectors in x and y. Thus, the block of data to be 
retrieved will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figure 25, where the 
shaded area represents the block that is being formed whereas 
the dotted outline represents the block from which it is 
being predicted. The address generator converts the address 
specified by the motion vectors to a block offset (a whole 
number of blocks) , as shown by the big arrow, and a pixel 
offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be retrieved from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension then two requests are 
generated, i.e., the original block address and the one 
immediately below. With an offset in both x and y, four 
requests are generated. For each block which is to be 
retrieved, the address generator calculates start and stop 
addresses which is best illustrated by an example. 

Consider a pixel offset of (1,1), as illustrated by the 
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shaded area in Figure 26. The address generator makes four 
requests, labelled A through D in the Figure* The problem to 
be solved is how to provide the required sequence of row 
addresses quickly . The solution is to use "start/ stop" 
technology, and this is described below. 

Consider block A in Figure 26. Reading must start at 
position (1,1) and end at position (7,7) • Assume for the 
moment that one byte is being read at a time (i.e., an 8 bit 
DRAM interface). The x value in the co-ordinate pair forms 
the three LSBs of the address, the y value the three MSB. 
The x and y start values are both 1, providing the address, 
9. Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value, at which point, the y value is 
incremented by 1 and the x start value is reloaded, giving an 
address of 17. As each byte of data is read, the x value is 
again incremented until it reaches its stop value. The 
process is repeated until both x and y values have reached 
their stop values. Thus, the address sequence of 9 , 10, 11, 
12, 13, 14, 15, 17..., 23, 25, ...,31, 33 57 f 63 
is generated. 

In a similar manner, the start and stop co-ordinates for 
block B are: (1,0) and (7,0), for block C: (0,1) and (0,7), 
and for block D: (0,0) and (0,0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, while the 
data from address 10 should be written to address 1 in the 
swing buffer, and so on. Similarly, the data read from 
address 8 in block B should be written to address 15 in the 
swing buffer and the data from address 16 should be written 
to address 15 in the swing buffer. This function turns out 
to have a very simple implementation, as outlined below. 

Consider block A. At the start of reading, the swing 
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buffer address register is loaded with the inverse of the 
stop value. The y inverse stop value forms the 3 MSBs and 
the x inverse stop value forms the 3 LSB. In this case, 
while the DRAM interface is reading address 9 in the external 
DRAM, the swing buffer address is zero* The swing buffer 
address register is then incremented as the external DRAM 
address register is incremented, as consistent with proper 
prediction addressing* 

The discussion so far has centered on an 8 bit DRAM 
interface* In the case of a 16 or 32 bit interface, a few 
minor modifications must be made* First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 32 bit 
boundary* In the example we have been using, for block A, 
the first DRAM read will point to address 0, and data in 
addresses 0 through 3 will be read* Second, the unwanted 
data must be discarded. This is performed by writing all the 
data into the swing buffer (which must now be physically 
larger than was necessary in the 8 bit case) and reading with 
an offset. When performing MPEG half-pel interpolation, 9 
bytes in x and/or y must be read from the DRAM interface. In 
this case, the address generator provides the appropriate 
start and stop addresses. Some additional logic in the DRAM 
interface is used, but there is no fundamental change in the 
way the DRAM interface operates. 

The final point to note about the Temporal Decoder DRAM 
interface of the present invention, is that additional 
information must be provided to the prediction filters to 
indicate what processing is required on the data. This 
consists of the following: 

a "last byte" signal indicating the last byte of a 
transfer (of 64,72 or 81 bytes); 

an H.261 flag; 

a bidirectional prediction flag; 

two bits to indicate the block's dimensions (8 or 9 bytes 
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in x ^and y) ; and 

a two bit number to indicate the order of the blocks. 

The last byte flag can be generated as the data is read 
out of the swing buffer. The other signals are derived from 
5 the address generator and are piped through the DRAM 
interface so that they are associated with the correct block 
of data as it is read out of the swing buffer by the 
prediction filter block. 

In the Video Formatter, data is written into the 
10 external DRAM in blocks, but is read out in raster order. 
Writing is exactly the same as already described for the 
Spatial Decoder, but reading is a little more complex. 

The data in the Video Formatter, external DRAM is 
organized so that at least 8 blocks of data fit into a single 
15 page. These 8 blocks are 3 consecutive horizontal blocks. 
When rasterizmg, 8 bytes need to be read out of each of 3 
consecutive blocks and written into the swing buffer (i.e., 
the same row in each of the 8 blocks) . 

"""Considering the top row (and assuming a byte-vide 
20 interface) , the x address (the three LSBS) is set to zero, as 
is the y address (3 MSBS) . The x address is then incremented 
as each of the first 8 bytes are read out. At this point, 
the top part of the address (bit 6 and above - LSB = bit 0) 
is incremented and the x address (3 LSBS) is reset to zero. 
25 This process is repeated until 64 bytes have been read. With 
a 16 or 32 bit wide interface to the external DRAM the x 
address is merely incremented by two or four, respectively, 
instead of by one. 

In the present invention, the address generator can 
20 signal to the DRAM interface that less than 64 bytes should 
be read (this may be required at the beginning or end of a 
raster line), although a multiple of 3 bytes is always read. 
This is achieved by using start and stop values. The start 
value is used for the top part of the address (bit 6 a:.: 
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above) , and the stop value is compared with the start value 
to generate the signal which indicates when reading should 
stop. 

The DRAM interface timing block in the present invention 
uses timing chains to place the edges of the DRAM signals to 
a precision of a quarter of the system clock period. Two 
quadrature clocks from the phase locked loop are used. These 
are combined to form a notional 2x clock. Any one chain is 
then made from two shift registers in parallel , on opposite 
phases of the 2x clock. 

First of all, there is one chain for the page start 
cycle and another for the read/write/refresh cycles. The 
length of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
The pulse travels along the chains and is directed by the 
state information from the DRAM interface. The pulse 
generates the DRAM interface clock. Each DRAM interface 
clock period corresponds to one cycle of the DRAM, 
consequently, as the DRAM cycles have different lengths, the 
DRAM interface clock is not at a constant rate. 

Moreover, additional timing chains combine the pulse 
from the above chains with the information from the DRAM 
interface to generate the output strobes and enables such as 
notcas, notras, notwe, notbe. 

12. PREDICTION FILTERS 

Referring again to Figures 12, 17, 18, and more 
particularly to Figure 12, there is shown a block diagram of 
the Temporal Decoder. This includes the prediction filter. 
The relationship between the prediction filter and the rest 
of the elements of the temporal decoder is shown in greater 
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detail in Figure 17. The essence of the structure of the 
prediction filter is shown in Figures 18 and 28* A detailed 
description of the operation of the prediction filter can be 
found in the section, "More Detailed Description of the 
Invention." 

In general, the prediction filter in accordance with the 
present invention, is used in the MPEG and H.2 61 modes, but 
not in the JPEG mode. Recall that in the JPEG mode, the 
Temporal Decoder just passes the data through to the Video 
Formatter, without performing any substantive decoding beyond 
that accomplished by the Spatial Decoder. Referring again to 
Figure 18, in the MPEG mode the forward and backward 
prediction filters are identical and they filter the 
respective MPEG forward and backward prediction blocks. In 
the H.261 mode, however, only the forward prediction filter 
is used, since H.261 does not use backward prediction. 

Each of the two prediction filters of the present 
invention is substantially the same. Referring again to 
Figures "l8 and 28 and more particularly to Figure 28, there 
is shown a block diagram of the structure of a prediction 
filter. Each prediction filter consists of four stages in 
series. Data enters the format stage 331 and is placed in a 
format that can be readily filtered. In the next stage 3 32 
an I-D prediction is performed on the X-coordinate . After 
the necessary transposition is performed by a dimension 
buffer stage 333, an I-D prediction is performed on the Y- 
coordinate in stage 334. How the stage perform the filtering 
is further described in greater detail subsequently. Which 
filtering operations are required, are defined by the 
compression standard. In the case of H.261, the actual 
filtering performed is similar to that of a low pass filter. 

Referring again to Figure 17, multi-standard 
operation requires that the prediction filters be 
reconf igurable to perform either MPEG or H.261 filtering, or 



137 



to perform no filtering at all in JPEG mode. As with many 
other reconf igurable aspects of the three chip system, the 
prediction filter is reconfigured by means of tokens. Tokens 
are also used to inform the address generator of the 
particular mode of operation. In this way, the address 
generator can supply the prediction filter with the addresses 
of the needed data, which varies significantly between MPEG 
and JPEG. 

13. ACCESSING REGISTERS 

Most registers in the microprocessor interface (MPI) can 
only be modified if the stage with which they are 
associated is stopped. Accordingly, groups of registers 
will typically be associated with an access register. The 
value zero in an access register indicates that the group 
of registers associated with that particular access 
register should not be modified. Writing 1 to an access 
register requests that a stage be stopped. The stage may 
not stop immediately, however, so the stages access 
register will hold the value, zero, until it is stopped. 

Any user software associated with the MPI and used to 
perform functions by way of the MPI should wait "after 
writing a 1 to a request access register" until 1 is read 
from the access register. If a user writes a value to a 
configuration register while its access register is set to 
zero, the results are undefined. 

14 • MICRO-PROCESSOR INTERFACE 

A standard byte wide micro-processor interface (MPI) is 
used on all circuits with in the Spatial Decoder and 
Temporal Decoder. The MPI operates asynchronously with 
various Spatial and Temporal Decoder clocks. Referring to 
Table A. 6.1 of the subsequent further detailed description, 
there is shown the various MPI signals that 
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are used on this interface. The character of the signal is 
shown on the input/ output column, the signal name is shown 
on the signal name column and a description of the function 
of the signal is shown in the description column. The MPI 
electrical specification are shown with reference to Table 
A. 6 • 2 . All the specifications are classified according to 
type and there types are shown in the column entitled 
symbol. The description of what these symbols represent is 
shown in the parameter column. The actual specifications 
are shown in the respective columns min, max and units. 

The DC operating conditions can be seen with reference 
to Table A. 6. 3. Here the column headings are the same as 
with reference to Table A. 6. 2. The DC electrical 
characteristics are shown with reference to Table A. 6.4 and 
carry the same column headings as depicted in Tables A. 6.2 
and A. 6 . 3 . 

15. MPI READ TIMING 

The AC characteristics of the MPI read timing diagrams 
are shown with reference to Figure 54. Each line of the 
Figure is labelled with a corresponding signal name and the 
timing is given in nano-seconds . The full microprocessor 
interface read timing characteristics are shown with 
reference to Table A. 6. 5. The column entitled Number is 
used to indicate the signal corresponding to the name of 
that signal as set forth in the characteristic column. The 
columns identified by MIN and MAX provide the minimum 
length of time that the signal is present the maximum 
amount of time that this signal is available. The Units 
column gives the units of measurement used to describe the 
signals . 

16. MPI WRITE TIMING 

The general description of the MPI write timing diagrams 
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are shown with reference to Figure 54 . This Figure shows 
each individual signal name as associated with the MPI 
write timing. The name, the characteristic of the signal, 
and other various physical characteristics are shown with 
5 reference to Table 6.6. 

17. KEYHOLE ADDRESS LOCATIONS 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 
keyhole registers. A keyhole register has two registers 

10 associated with it. The first register is a keyhole 

address register and the second register is a keyhole data 
register. The keyhole address specifies a location within 
a extended address space. A read or a write operation to a 
keyhole data register accesses the locations specified by 

15 the keyhole address register. After accessing a keyhole 
data register, the associated keyhole address register 
increments. Random access within the extended address 
space is only possible by writing in a new value to the 
keyhole address register for each access. A circuit within 

2 0 the present invention may have more than one keyhole memory 

maps. Nonetheless, there is no interaction between the 
different keyholes. 

18. PICTURE-END 

Referring again to Figure 11, there is shown a 
25 general block diagram of the Spatial Decoder used in the 
present invention. It is through the use of this block 
diagram that the function of P I CTURE_END will be described. 
The PICTURE_END function has the multi-standard advantage 
of being able to handle H.261 encoded picture information, 

3 0 MPEG and JPEG signals. 

As previously described, the system of Figure 11 
is interconnected by the two wire interface previously 
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described. Each of the functional blocks is arranged to 
operate according to the state machine configuration shown 
with reference to Figure 10 . 

In general, the PICTURE_END function in accordance with 
5 the invention begins at the Start Code Detector which 
generates a PICTURE_END control token. The PICTURE_END 
control token is passed unaltered through the start-up 
control circuit to the DRAM interface. Here it is used to 
flush out the write swing buffers in the DRAM interface. 

10 Recall, that the contents of a swing buffer are only 

written to RAM when the buffer is full. However, a picture 
may end at a point where the buffer is not full, therefore, 
causing the picture data to become stuck. The PICTURE_END 
token forces the data out of the swing buffer. 

15 Since the present invention is a multi-standard machine, 

the machine operates differently for each compression 
standard. More particularly, the machine is fully 
described as operating pursuant to machine-dependent action 
cycles. For each compression standard, a certain number of 

2 0 the total available action cycles can be selected by a 

combination of control tokens and/or output signals from 
the MPU or they can be selected by the design of the 
control tokens themselves. In this regard, the present 
invention is organized so as to delay the information from 
25 going into subsequent blocks until all of the information 
has been collected in an upstream block. The system waits 
until the data has been prepared for passing to the next 
stage. In this way, the PICTURE_END signal is applied to 
the coded data buffer, and the control portion of the 

3 0 PICTURE_END signal causes the contents of the data buffers 

to be read and applied to the Huffman decoder and video 
demultiplexer circuit. 

Another advantage of the PICTURE_END control token is 
to identify, for the use by the Huffman decoder 
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demultiplexer , the end of picture even though it has not 
had the typically expected full range and/or number of 
signals applied to the Huffman decoder and video 
demultiplexer circuit. In this situation, the information 
5 held in the coded data buffer is applied to the Huffman 
decoder and video demultiplexer as a total picture. in 
this way, the state machine of the Huffman decoder and 
video demultiplexor can still handle the data according to 
system design. 

10 Another advantage of the PICTURE_£ND control token is 

its ability to completely empty the coded data buffer so 
that no stray information will inadvertently remain in the 
off chip DRAM or m the swing buffers. 

Yet another advantage of the PICTUR£_END function is 

15 its use in error recovery. For example, assume the amount 
of data being held in the coded data buffer is less than is 
typically used for describing the spatial information with 
reference to a single picture. Accordingly, the last 
picture will be held in the data buffer until a full swing 

20 buffer, but, by definition, the buffer will never fill. At 
some point, the machine will determine that an error 
condition exits. Hence, to the extent that a PICTURE_END 
token is decoded and forces the data in the coded data 
buffers to be applied to the Huffman decoder and video 

2 3 demultiplexer, the final picture can be decoded and the 
information emptied from the buffers. Consequently, the 
machine will not go into error recovery mode and will 
successfully continue to process the coded data. 

A still further advantage of the use of a PICTURE^ END 

:o token is that the serial pipeline processor will continue 

the processing of uninterrupted data. Through the use of a 
?ICTURE_END token, the serial pipeline processor is 
configured to handle less than the expected amount of data 
and, therefore, continues processing. Typically, a prior 
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art machine would stop itself because of an error 
condition. As previously described, the coded data buffer 
counts macroblocks as they come into its storage area. in 
addition, the Huffman Decoder and Video Demultiplexer 
5 generally know the amount of information expected for 

decoding each picture, i.e., the state machine portion of 
the Huffman decode and Video Demultiplexer know the number 
of blocks that it will process during each picture recovery 
cycle. When the correct number of blocks do not arrive 

10 from the coded data buffer, typically an error recovery 
routine would result. However, with the PICTUR£_END 
control token having reconfigured the Huffman Decoder and 
Video Demultiplexer, it can continue to function because 
the reconfiguration tells the Huffman Decoder and Video 

15 Demultiplexor that it is, indeed, handling the proper 
amount of information. 

Referring again to Figure 10, the Token Decoder 
portion of the Buffer Manager detects the PICTURE_END 
control token generated by the Start Code Detector. Under 

20 normal operations, the buffer registers fill up and are 
emptied, as previously described with reference to the 
normal operation of the swing buffers. Again, a swing 
buffer which is partially full of data will not empty until 
it is totally filled and/or it knows that it is time to 

25 empty. The PICTURE_END control token is decoded in the 

Token Decoder portion of the Buffer Manager, and it forces 
the partially full swing buffer to empty itself into the 
coded data buffer. This is ultimately passed to the 
Huffman Decoder and Video Demultiplexor either directly or 

3 0 through the DRAM interface. 



19. FLUSHING OPERATION 

Another advantage of the PICTURE_END control token is 
its function in connection with a FLUSH token. The FLUSH 
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token is not associated with either controlling the 
reconfiguration of the state machine or in providing data 
for the system. Rather, it completes prior partial signals 
for handling by the machine-dependent state machines. Each 
5 of the state machines recognizes a FLUSH control token as 
information not to be processed. Accordingly, the FLUSH 
token is used to fill up all of the remaining empty parts 
of the coded data buffers and to allow a full set of 
information to be sent to the Huffman Decoder and Video 

10 Demultiplexer. In this way, the FLUSH token is like 
padding for buffers. 

The Token Decoder in the Huffman circuit recognizes 
the FLUSH token and ignores the pseudo data that the FLUSH 
token has forced into it. The Huffman Decoder then operates 

15 only on the data contents of the last picture buffer as it 
existed prior to the arrival of the PICTURE_END token and 
FLUSH token. A further advantage of the use of the 
PICTU^E_END token alone or in combination with a FLUSH 
token is the reconfiguration and/or reorganization of the 

2 0 Huffman Decoder circuit. With the arrival of the 

PICTURE_END token, the Huffman Decoder circuit knows that 
it will have less information than normally expected to 
decode the last picture. The Huffman decode circuit 
finishes processing the information contained in the last 
25 picture, and outputs this information through the DRAM 
interface into the Inverse Modeller. Upon the 
identification of the last picture, the Huffman Decoder 
goes into its cleanup mode and readjusts for the arrival of 
the next picture information. 

3 0 20 • FLUSH FUNCTION 

The FLUSH token, in accordance with the present 
invention, is used to pass through the entire pipeline 
processor and to ensure that the buffers are emptied and 
that other circuits are reconfigured to await the arrival 
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of new data. More specifically, the present invention 
comprises a combination of a PICTURE_END token, a padding 
word and a FLUSH token indicating to the serial pipeline 
processor that the picture processing for the current 
picture form is completed. Thereafter, the various state 
machines need reconfiguring to await the arrival of new 
data for new handling. Note also that the FLUSH Token acts 
as a special reset for the system. The FLUSH token resets 
each stage as it passes through, but allows subsequent 
stages to continue processing. This prevents a loss of 
data. In other words, the FLUSH token is a variable reset, 
as opposed to, an absolute reset. 

21. STOF-JLFTER PICTURE 

The STOP_AFTER_FICTURE function is employed to shut 
down the processing of the serial pipeline decompressing 
circuit at a logical point in its operation. At this 
point, -a PICTURE_END token is generated indicating that 
data is finished coming in from the data input line, and 
the padding operation has been completed. The padding 
function fills partially empty DATA tokens. A FLUSH token 
is then generated which passes through the serial pipeline 
system and pushes all the information out of the registers 
and forces the registers back into their neutral stand-by 
condition. The STOP_AFTER_PICTURE event is then generated 
and no more input is accepted until either the user or the 
system clears this state. In other words, while a 
PICTURE_END token signals the end of a picture, the 
S TOP_ AFT ER_P I CTURE operation signals the end of all current 
processing. 

22. MULTI-STANDARD - SEARCH MODE 

Another feature of the present invention is the use of 
a SEARCH MODE control token which is used to reconfigure 
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the input to the serial pipeline processor to look at the 
incoming bit stream. When the search mode is set, the 
Start Code Detector searches only for a specific start code 
or marker used in any one of the compression standards. It 
will be appreciated, however, that, other images from other 
data bitstreams can be used for this purpose. Accordingly, 
these images can be used throughout this present invention 
to change it to another embodiment which is capable of 
using the combination of control tokens, and DATA tokens 
along with the reconfiguration circuits, to provide similar 
processing. 

The use of search mode in the present invention is 
convenient in many situations including 1) if a break in 
the data bit stream occurs; 2) when the user breaks the 
data bit stream by purposely changing channels, e.g., data 
arriving, by a cable carrying compressed digital video; or 
3) by user activation of fast forward or reverse from a 
controllable data source such as an optical disc or video 
disc. In general, a search mode is convenient when the 
user interrupts the normal processing of the serial 
pipeline at a point where the machine does not expect such 
an interruption. 

When any of the search modes are set, the Start Code 
Detector looks for incoming start images which are suitable 
for creating the machine independent tokens. All data 
coming into the Start Code Detector prior to the 
identification of standard-dependent start images is 
discarded as meaningless and the machine stands in an 
idling condition as it waits this information. 

The Start Code Detector can assume any one of a number 
of configurations. For example, one of these 
configurations allows a search for a group of pictures or 
higher start codes. This pattern causes the Start Code 
Detector to discard all its input and look for the 
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group_start standard image. When such an image is 
identified, the Start Code Detector generates a GROUP_START 
token and the search mode is reset automatically. 

It is important to note that a single circuit, the 
5 Huffman Decoder and Video Demultiplex circuit, is operating 
with a combination of input signals including the standard- 
independent set-up signals, as well as, the CODING_STANDARD 
signals. The CODING_STANDARD signals are conveying 
information directly from the incoming bit stream as 

10 required by the Huffman Decoder and Video Demultiplex 
circuit. Nevertheless, while the functioning of the 
Huffman Decoder and Video Demultiplex circuit is under the 
operation of the standard independent sequence of signals. 
This mode of operation has been selected because it 

15 is the most efficient and could have been designed wherein 
special control tokens are employed for conveying the 
standard-dependent input to the Huffman Decoder and Video 
Demultiplexer instead of conveying the actual signals 
themselves. 

2 0 23. INVERSE MODELLER 

Inverse modeling is a feature of all three standards, 
and is the same for all three standards. In general, DATA 
tokens in the token buffer contain information about the 
values of the quantized coefficients, and about the number 
25 of zeros between the coefficients that are represented (a 
form of run length coding) . The Inverse Modeller of the 
present invention has been adapted for use with tokens and 
simply expands the information about runs of zeros so that 
each DATA Token contains the requisite 64 values. 

3 0 Thereafter, the values in the DATA Tokens are quantized 

coefficients which can be used by the Inverse Quantizer* 

24. INVERSE QUANTIZER 
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The Inverse Quantizer of the present invention is a 
required element in the decoding sequence, but has been 
implemented in such away to allow the entire IC set to 
handle multi-standard data* In addition, the Inverse 
Quantizer has been adapted for use with tokens. The 
Inverse Quantizer lies between the Inverse modeller and 
inverse DCT (IDCT) . 

For example, in the present invention, an adder in the 
Inverse Quantizer is used to add a constant to the pel 
decode number before the data moves on to the IDCT. 

The IDCT uses the pel decode number, which will vary 
according to each standard used to encode the information. 
In order for the information to be properly decoded, a 
value of 1024 is added to the decode number by the Inverse 
Quantizer before the data continues on to the IDCT. 

Using adders, already present in the Inverse 
Quantizer, to standardize the data prior to it reaching the 
IDCT, eliminates the need for additional circuitry or 
software in the IC, for handling data compressed by the 
various standards. Other operations allowing for multi- 
standard operation are performed during a "post 
quantization function" and are discussed below. 

The control tokens accompanying the data are decoded 
and the various standardization routines that need to be 
performed by the Inverse Quantizer are identified in detail 
below. These "post quantization" functions are all 
implemented to avoid duplicate circuitry and to allow the 
IC to handle multi-standard encoded data. 

25. HUFFMAN DECODER AND PARSER 

Referring again to Figures 11 and 27, the Spatial 
Decoder includes a Huffman Decoder for decoding the data 
that the various compression standards have Huffman- 
encoded. While each of the standards, JPEG, MPEG and 
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H.261, require certain data to be Huffman encoded, the 
Huffman decoding required by each standard differs in some 
significant ways. In the Spatial Decoder of the present 
invention, rather than design and fabricate three separate 
Huffman decoders , one for each standard, the present 
invention saves valuable die space by identifying common 
aspects of each Huffman Decoder, and fabricating these 
common aspects only once. Moreover, a clever multi-part 
algorithm is used that makes common more aspects of each 
Huffman Decoder common to the other standards as well than 
would otherwise be the case. 

In brief, the Huffman Decoder 321 works in 
conjunction with the other units shown in Figure 27. These 
other units are the Parser State Machine 322, the inshifter 
32 3, the Index to Data unit 3 24, the ALU 325, and the Token 
Formatter 326. As described previously, connection between 
these blocks is governed by a two wire interface. A more 
detailed description of how these units function is 
subsequently described herein in greater detail, the focus 
here is on particular aspects of the Huffman Decoder, in 
accordance with the present invention, that support multi- 
standard operation. 

The Parser State Machine of the present invention, is a 
programmable state machine that acts to coordinate the 
operation of the other blocks of the Video Parser. In 
response to data, the Parser State Machine controls the 
other system blocks by generating a control word which is 
passed to the other blocks, side by side with the data, 
upon which this control word acts. Passing the control 
word alongside the associated data is not only useful, it 
is essential, since these blocks are connected via a two- 
wire interface. In this way, both data and control arrive 
at the same time. The passing of the control word is 
indicated in Figure 27 by a control line 327 that runs 
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beneath the data line 328 that connects the blocks. Among 
other things, this code word identifies the particular 
standard that is being decoded. 

The Huffman decoder 321 also performs certain control 
functions. In particular, the Huffman Decoder 321 contains 
a state machine that can control certain functions of the 
Index to Data 324 and ALU 325. Control of these units by 
the Huffman Decoder is necessary for proper decoding of 
block-level information. Having the Parser State Machine 
322 make these decisions would take too much time. 

An important aspect of the Huffman Decoder of the 
present invention, is the ability to invert the coded data 
bits as they are read into the Huffman Decoder. This is 
needed to decode H.261 style Huffman codes, since the 
particular type of Huffman code used by H.2 61 (and 
substantially by MPEG) has the opposite polarity then the 
codes used by JPEG. The use of an inverter, thereby, 
allows substantially the same table to be used by the 
Huffman Decoder for all three standards. Other aspects of 
how the Huffman Decoder implements all three standards are 
discussed in further detail in the "More Detailed 
Description of the Invention" section. 

The Index to Data unit 324 performs the second part of 
the multi-part algorithm. This unit contains a look up 
table that provides the actual Huffman decoded data. 
Entries in the table are organized based on the index 
numbers generated by the Huffman Decoder. 

The ALU 325 implements the remaining parts of the 
multi-part algorithm. In particular, the ALU handles sign- 
extension. The ALU also includes a register file which 
holds vector predictions and DC predictions, the use of 
which is described in the sections related to prediction 
filters. The ALU, further, includes counters that count 
through the structure of the picture being decoded by the 
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Spatial Decoder. In particular, the dimensions of the 
picture are programmed into registers associated with the 
counters, which facilitates detection of "start of 
picture," and start of macroblock codes. 

In accordance with the present invention, the Token 
Formatter 326 (TF) assembles decoded data into DATA tokens 
that are then passed onto the remaining stages or blocks in 
the Spatial Decoder. 

In the present invention, the in shifter 323 receives 
data from a FIFO that buffers the data passing through the 
Start Code Detector. The data received by the inshifter is 
generally of two types: DATA tokens, and start codes which 
the Start Code Detector has replaced with their respective 
tokens, as discussed further in the token section. Note 
that most of the data will be DATA tokens that require 
decoding. 

The In shifter 323 serially passes data to the Huffman 
Decoder 321. On the other hand, it passes control tokens 
in parallel. In the Huffman decoder, the Huffman encoded 
data is decoded in accordance with the first part of the 
multi-part algorithm. In particular, the particular 
Huffman code is identified, and then replaced with an index 
number . 

The Huffman Decoder 321 also identifies certain data 
that requires special handling by the other blocks shown in 
Figure 27. This data includes end of block and escape. In 
the present invention, time is saved by detecting these in 
the Huffman Decoder 321, rather than in the Index to Data 
unit 324. 

This index number is then passed to the Index to Data 
unit 324, In essence, the Index to Data unit is a look-up 
table. In accordance with one aspect of the algorithm, the 
look-up table is little more than the Huffman code table 
specified by JPEG . Generally, it is in the condensed data 
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format that JPEG specifies for transferring an alternate 
JPEG table. 

From the Index to Data unit 324, the decoded index 
number or other data is passed, together with the 
accompanying control word, to the ALU 325, which performs 
the operations previously described. 

From the ALU 325, the data and control word is passed 
to the Token Formatter 326 (TF) . In the Token Formatter, 
the data is combined as needed with the control word to 
form tokens. The tokens are then conveyed to the next 
stages of the Spatial Decoder. Note that at this point, 
there are as many tokens as will be used by the system. 

26. INVERSE DISCRETE COSINE TRANSFORM 

The Inverse Discrete Cosine Transform (IDCT) , in 
accordance with the present invention, decompresses data 
related to the frequency of the DC component of the 
picture. When a particular picture is being compressed, 
the frequency of the light in the picture is quantized, 
reducing the overall amount of information needed to be 
stored. The IDCT takes this quantized data and 
decompresses it back into frequency information. 

The IDCT operates on a portion of the picture which is 
8x8 pixels in size. The math which performed on this data 
is largely governed by the particular standard used to 
encode the data. However, in the present invention, 
significant use is made of common mathematical functions 
between the standards to avoid unnecessary duplication of 
circuitry. 

using a particular scaling order, the symmetry between 
the upper and lower portions of the algorithms is 
increased, thus common mathematical functions can be reused 
which eliminates the need for additional circuitry. 
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The^ IpCT responds to a number of multi-standard tokens. 
The first portion of the IDCT checks the entering data to 
ensure that the DATA tokens are of the correct size for 
processing. In fact, the token stream can be corrected in 
5 some situations if the error is *not too large. 

27. BUFFER MANAGER 

The Buffer Manager of the present invention, receives 
incoming video information and supplies the address 
generators with information on the timing of the datas 

10 arrival, display and frame rate. Multiple buffers are used 
to allow changes in both the presentation and display 
rates. Presentation and display rates will typically vary 
in accordance with the data that was encoded and the 
monitor on which the information is being displayed. Data 

15 arrival rates will generally vary according to errors in 
encoding, decoding or the source material used to create 
the data. When information arrives at the Buffer Manager, 
it is decompressed. However, the data is in an order that 
is useful for the decompression circuits, but not for the 

20 particular display unit being used. When a block of data 
enters the Buffer Manager, the Buffer Manager supplies 
information to the address generator so that the block of 
data can be placed in the order that the display device can 
use. In doing this, the Buffer Manager takes into account 

2 5 the frame rate conversion necessary to adjust the incoming 
data blocks so they are presentable on the particular 
display device being used. 

In the present invention, the Buffer Mnager primarily 
supplies information to the address generators. 

30 Nevertheless, it as also required to interface with other 

elements of the system. For example, there is an interface 
with an input FIFO which transfers tokens to the Buffer 
Manager which, in turn, passes these tokens on to the write 
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addre££ generators . 

The Buffer Manager also interfaces with the display 
address generators, receiving information on whether the 
display device is ready to display new data. The Buffer 
5 Manager also confirms that the display address generators 
have cleared information from a buffer for display. 

The Buffer Manager of the present invention keeps track 
of whether a particular buffer is empty, full, ready for 
use or in use. It also keeps track of the presentation 

10 number associated with the particular data in each buffer. 
In this way, the Buffer Manager determines the states of 
the buffers, in part, by making only one buffer at a time 
ready for display. Once a buffer is displayed, the buffer 
is in a "vacant" state. When the Buffer Manager receives a 

15 PICTURE_START, FLUSH, valid or access token, it determines 
the status of each buffer and its readiness to accept new 
data. For example, the PICTURE_START token causes the 
Buffer Manager to cycle through each buffer to find one 
which is capable of accepting the new data. 

20 The Buffer Manager can also be configured to handle the 

multi-standard requirements dictated by the tokens it 
receives. For example, in the H.261 standard, data maybe 
skipped during display. If such a token arrives at the 
Buffer Mnager, the data to be skipped will be flushed from 

25 the buffer in which it is stored. 

Thus, by managing the buffers, data can be effectively 
displayed according to the compression standard used to 
encode the data, the rate at which the data is decoded and 
the particular type of display device being used. 
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The foregoing description is believed to 
adequately describe the overall concepts, system 
implementation and operation of the various aspects of the 
invention in sufficient detail to enable one of ordinary 
5 skill in the art to make and practice the invention with 
all of its attendant features, objects and advantages. 
However, in order to facilitate a further, more detailed in 
depth understanding of the invention, and additional 
details in connection with even more specific, commercial 
10 implementation of various embodiments of the invention, the 
following further description and explanation is preferred. 
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This is a more detailed description for a multi-standard 
video decoder chip-set. It is divided into three main 
sections: A, B and C. 

Again r for purposes of organization, clarity and 
convenience of explanation, this additional disclosure is 
set forth in the following sections. 

• Description of features common to chips in the 

chip-set: 

• Tokens 

• Two wire interfaces 

• DRAM interface 

• Microprocessor interface 

• Clocks 

• Description of the Spatial Decoder chip 

• Description of the Temporal Decoder chip 
SECTION A.1 

The first description section covers the majority of 
the electrical design issues associated with using the 
chip-set. 

A. 1* 1 Typographic conventions 

A small set of typographic conventions is used to 
emphasize some classes of information: 
NAMES_OF_TOKENS 
wire_name active high signal 
wire_name active low signal 
register_name 
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SECTION A.2 Video Decoder Family 

• 30 MHz operation 
•Decodes MPEG, JPEG & H.261 
•Coded data rates to 25 Mb/s 

5 -Video data rates to 21 MB/s 

• MPEG resolutions up to 704 x 480, 30 Hz, 4:2:0 

• Flexible chroma sampling formats 

• Full JPEG baseline decoding 
■Glue-less page mode DRAM interface 

10 ■ 208 pin PQFP package 

• Independent coded data and decoder clocks 
■ Re-orders MPEG picture sequence 

The Video decoder family provides a low chip count 
solution for implementing high resolution digital video 
15 decoders. The chip-set is currently configurable to 

support three different video and picture coding systems: 
JPEG, MPEG and H.261. 

Full JPEG baseline picture decoding is supported, 
720 x 4S0, 30 Hz, 4:2:2 JPEG encoded video can be decoded 
20 in real-time. 

CIF (Common Interchange Format) and QCIF H.261 video can 
be decoded. Full feature MPEG video with formats up to 740 
x 430, 30 Hz, 4:2:0 can be decoded. 

Note: The above values are merely illustrative, by way 
25 of example and not necessarily by way of limitation, of one 
embodiment of the present invention. Accordingly, it will 
be appreciated that other values and/or ranges may be used. 

A, 2.1 System configurations 
A. 2. l.l Output formatting 

30 in each of the examples given below, some form of output 

formatter will be required to take the data presented at 
tne output of the Spatial Decoder or Temporal Decoder and 
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re-for*ma^ it for a computer or display system. The details 
of this formatting will vary between applications. In a 
simple case, all that is required is an address generator 
to take the block formatted data output by the decoder chip 
5 and write it into memory in a raster order. 

The Image Formatter is a single chip VLSI device 
providing a wide range of output formatting functions. 
A* 2 • 1 • 2 JPEG still picture decoding 

A single Spatial Decoder, with no-off-chip DRAM, can 

10 rapidly decode baseline JPEG images. The Spatial Decoder 
will support all features of baseline JPEG. However, the 
image size that can be decoded may be limited by the size 
of the output buffer provided by the user. The 
characteristics of the output formatter may limit the 

15 chroma sampling formats and color spaces that can be 
supported . 

A. 2. 1*3 JPEG video decoding 

Adding off-chip DRAMs to the Spatial Decoder allows it 
to decode JPEG encoded video pictures in real-time. The 

20 size and speed of the required buffers will depend on the 
video and coded data rates. The Temporal Decoder is not 
required to decode JPEG encoded video. However, if a 
Temporal Decoder is present in a multi-standard decoder 
chip-set, it will merely pass the data through the Temporal 

2 5 Decoder without alteration or modification when the system 
is configured for JPEG operation. 
A. 2. 1.4 H.261 decoding 

The Spatial Decoder and the Temporal Decoder are both 
required to implement an H.261 video decoder. The DRAM 

30 interfaces on both devices are configurable to allow the 
quantity of DRAM required for proper operation to be 
reduced when working with small picture formats and at low 
coded data rates. Typically, a single 4Mb (e.g. 512k x 3) 
DRAM will be required by each of the Spatial Decoder and 
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the Temporal Decoder. 
A. 2. 1.5 MPEG decoding 

The configuration required for MPEG operation is the 
same as for H.261. However, as will be appreciated by one 
of ordinary skill in the art, larger DRAM buffers may be 
required to support the larger picture formats possible 
with MPEG. 
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SECTION A.3 Tokens 

A. 3.1 Token format 

In accordance with the present invention, tokens provide 
an extensible format for communicating information through 
the decoder chip-set* While in the present invention, each 
word of a Token is a minimum of 8 bits wide, one of 
ordinary skill in the art will appreciate that tokens can 
be of any width. Furthermore, a single Token can be spread 
over one or more words; this is accomplished using an 
extension bit in each word. The formats for the tokens are 
summarized in Table A. 3.1. 

The extension bit indicates whether a Token continues 
into another word. It is set to 1 in all words of a Token 
except the last one. If the first word of a Token has an 
extension bit of 0, this indicates that the Token is only 
one word long. 

Each Token is identified by an Address Field that starts 
in bit 7 of the first word of the Token. The Address Field 
is of variable length and can potentially extend over 
multiple words (in the current chips no address is more 
than 8 bits long, however, one of ordinary skill in the art 
will again appreciate that addresses can be of any length) . 

Some interfaces transfer more than 8 bits of data. For 
example, the output of the Spatial Decoder is 9 bits wide 
(10 bits including the extension bit). The only Token that 
takes advantage of these extra bits is the DATA Token. The 
DATA Token can have as many bits as are necessary for 
carrying out processing at a particular place in the 
system. All other Tokens ignore the extra bits. 
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A.3.2 Tte DATA Token 

The DATA Token carries data from one processing stage to 
the next. Consequently, the characteristics of this Token 
change as it passes through the decoder- Furthermore, the 
5 meaning of the data carried by the DATA Token varies 

depending on where the DATA Token is within the system, 
i.e., the data is position dependent. In this regard, the 
data may be either frequency domain or Pel domain data 
depending on where the DATA Token is within the Spatial 

10 Decoder. For example, at the input of the Spatial Decoder, 
DATA Tokens carry bit serial coded video data packed into 3 
bit words. At this point, there is no limit to the length 
of each Token. In contrast, however, at the output of the 
Spatial Decoder each DATA Token carries exactly 64 words 

15 and each word is 9 bits wide. 

A. 3. 3 Using Tofcen formatted data 

In some applications, it may be necessary for the 
circuitry that connect directly to the input or output of 
the Decoder or chip set. In most cases it will be 

20 sufficient to collect DATA Tokens and to detect a few 

Tokens that provide synchronization information (such as 
PI CTURE — START) . In this regard, see subsequent sections 
A. 16, "Connecting to the output of Spatial Decoder", and 
A. 19, "Connecting to the output of the Temporal Decoder". 

25 As discussed above, it is sufficient to observe activity 

on the extension bit to identify when each new Token 
starts. Again, the extension bit signals the last word of 
the current token. In addition, the Address field can be 
tested to identify the Token. Unwanted or unrecognized 

30 Tokens can be consumed (and discarded) without knowledge of 
their content. However, a recognized token causes an 
appropriate action to occur. 
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Furthermore, the data input to the Spatial Decoder can 
either be supplied as bytes of coded data, or in DATA 
Tokens (see Section A. 10, "Coded data input"). Supplying 
Tokens via the coded data port or via the microprocessor 
interface allows many of the features of the decoder chip 
set to be configured from the data stream. This provides 
an alternative to doing the configuration via the micro 
processor interface . 
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o! 


1 1 


1 


°l 


0 | 0 


FIELD JNFO 


I 
i 
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7j «| S 


4 


3 


2 


1 


c 


■ Token Name 


Reference 


0 | o | o 1 1 | 1 


0| Oj 1 


MAX_COMPJD 




olojojiji 0 | 1 | 0 


EXTENSJON_DATA 




0 : 0 J 0 1 1 | 1 

1 1 1 


0 


' i ' 


USER_DATA 




0 i 0 | 0 


1 1 


1 


0 


0 


DHT_MARKER 




0 0 0 


t 


1 


1 


Oj 1 


DQT_MARKER 




0 j 0 0 


1 


1 1 1 ! o 


(reserved) ONL.MARKER 




o i o | o 


1 


i 1 


1 [ 1 


(reserved) DR!_MARKER 




1 1 1 j 1 j 0 


1 j 0 I 0 j 0 


(reserved) 




1 ; i ! 1 1 o j 1 


oj 0 


1 


(reserved) 




1 i 1 | 1 


0 


1 


0 


1 0 


(reserved) 




1 1 1 j 1 


0 | 1 0 j 1 


1 


(reserved) 




t M j i 


Oj i 


1 


0 


0 


BIT.RATE 




1 1 1 j 1 


0 


1 


1 0 


1 


VBV_BUFFER_S1ZE 




1 ! 1 i i 


0 t 


'1 1 


0 


VBV.DELAY 




1 ; i ! 1 

i 


oj 1 


1 


1 1 


PICTURE.TYPE 




i : 1 ; i j 1 


0 


0 


Of 0 


PICTURE.RATE 


-i 

i 


1 1 1 i i j i j o 


0 


0 


1 


PEL.ASPECT 


! 


| i ; i i 1 | 1 


o| 0 1 


0 


HORlZOftTAL.SIZE 




1 ; 1 | i j 1 


0 


0 


'h 


VERTICAL.SI2E 


i ; t i 1 | 1 


0 


1 


0 


0 


BROKEN.CLOSED j 


j 1 ! i M 1 


0 


1 


0 


1 


CONSTRAINED 


I 


M i i j 1 1 j 0 


1 


1 


0 


(reserved) SPECTRA L_ LIMIT | 


j i ; 1 1 i J 1 1 o 1 i 


t 


OEFINE.IIAX.SAMPLING 




1 : 1 j 1 j 1 j 1 [ 0 


0 0 


(reserved) 




1 ; i j 1 


1 


1 


0 


0 1 


(reserved) 




1 j 1 i i j 1 j i 


0 1 I 0 


(reserved) 




i « 1 j i j 1 


1 


0 j 1 | 1 


(reserved) 




r t ; i 


1 


1 


1 j Oj 0 


HORI20NTAL.MBS j 


i ■ ' : i ! i j i I i o 


1 


V£RTICAL_MBS 




' i ! ! i l | 1 j 1 j i o (reserved) 




1 * i ! i ! 1 ! i [ 1 j i (reserved) 


1 
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A. 3. 4 Description of Tokens 

This section documents the Tokens which are implemented 
in the Spatial Decoder and the Temporal Decoder chips in 
accordance with the present invention; see Table A. 3. 2. 

Note : 

."r" signifies bits that are currently reserved and carry 
the value 0 

.unless indicated all integers are unsigned 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


1 


1 


1 


0 


1 


1 


0 


0 


BIT_RATE test info only 

Carries the MPEG bit rate parameter P. Generated by the 
Huffman decoder when decoding an MPEG bitstream. 

b - an 1 8 bit integer as defined by MPEG. 


1 


r 


r 


r 


r 


r 


r 


b 


b 


1 


b 


b 


b 


b 


b 


b 


b 


b 


0 


b 


b 


b 


b 


b 


b 


b 


b 


1 


1 


1 


1 


1 


0 


1 


0 


0 


BROKEN_CI_OSED 
Carries two MPEG flag bits: 
c - closed_gap 
b - brokenjink 


0 


r 


r 


r 


r 


r 


r 


c 


b 


1 


0 


0 


0 


1 


0 


1 


0 


1 


CODING„STANDARD 




s 


5 


s 


s 


s 


s 


s 


s 


s - an 8 bit integer indicating the current coding standard. 
The values currently assigned are: 

0 - H 261 

1 - JPEG 

2 - MPEG 


1 


1 


1 


0 


0 


0 


0 


c 


c 


COMPONENTJSIAME 

Communicates the relationship between a component ID and 
the component name. See also . 

c - 2 bit component ID 

n - 8 bit component "name" 


0 


n 


n 


n 


n 


n 


n 


n 


n 


1 


1 


1 


1 


1 


0 


1 


0 


1 


CONSTRAINED 

c - carries the constrained_parameters_flag decoded from an 
MPEG bitstream. 


0 


r 


r 


r 


r 


r 


r 


r 


c 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


0 


0 


1 


c 


c 


DATA 

Carries data through the decoder chip-set. 

c - a 2 bit integer component ID (see A.3.5.1). This field is not 
defined for Tokens that carry coded data (rather than pixel 
information). 


1 


d 


d 


d 


d 


d 


d 


d 


d 




0 


d 


d 


d 


d 


d 


d 


d 


d 


1 


1 


1 


1 


1 


0 


1 


1 


1 


DEFINEJMAXSAMPLING 

Max. Horizontal and Vertical sampling numbers. These 
describe the maximum number of blocks horizontally/vertically 
in any component of a macroblock. See A.3.5.2 

h - 2 bit horizontal sampling number 

v - 2 bit vertical sampling number 


1 


r 


r 


r 


r 


r 


r 


h 


h 


0 


r 


r 


r 


r 


r 


r 


V 


V 


1 


1 


1 


0 


0 


0 


1 


c 


c 


DEFINE_SAMPLING 

Horizontal and Vertical sampling numbers for a particular 

rnloi ir 

component. See A.3.5.2 

c - 2 bit component ID. 

h - 2 bit horizontal sampling number 

v - 2 bit vertical sampling number. 


1 


r 


r 


r 


r 


r 


r 


h 


h 


0 


r 


r 


r 


r 


r 


r 


V 


V 


0 


0 


0 


0 


1 


1 


1 


0 


0 


DHT_MARKER 

This Token informs the Video Demux that the DATA Token 
that follows contains the specification of a Huffman table 
described using the JPEG "define Huffman table segment" 
syntax. This Token is only valid when the coding standard is 
configured as JPEG. This Token is generated by the start 
code detector during JPEG decoding when a DHT marker has 
been encountered in the data stream. 
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Description 



DNLJvlARKER 

This Token informs the Video Demux that the DATA Token that 
follows contains the JPEG parameter NL which specifies the 
number of lines in a frame. 

This Token is generated by the start code detector during 
JPEG decoding when a DNL marker has been encountered in 
the data stream. 



DQT_MARKER 

This Token informs the Video Demux that the DATA Token that 
follows contains the specification of a quantisation table 
described using the JPEG "define quantisation table segment" 
syntax. This Token is only valid when the coding standard is 
configured as JPEG. The Video Demux generates a 
QUANTJTABLE Token containing the new quantisation table 
information. 

This Token is generated by the start code detector during 
JPEG decoding when a DQT marker has been encountered in 
the data stream. 



DRi MARKER 



This Token informs the Video Demux that the DATA Token that 
follows contains the JPEG parameter Ri which specifies the 
number of minimum coding units between restart markers. 

This Token is generated by the start code detector during 
JPEG decoding when a DRI marker has been encountered in 
the data stream 
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E 


7*1 




4| 3! 2j 1 j 0 




1 


0 ) 0 


0| i 


1 i 0 


1|0 


EXTENSiON.DATA JPEG j 

5 

This Token informs me video Cemux tnat :ne DATA Token mat ' 
follows contains extension data. See A.n 3, 'Conversion of sia.T 
codes to Tokens', and A.14.6. "Recervmg user and 
Expansion data*. 

Dunng JPEG operation the 8 btt field V carries the JPEG rr.arxef 
value. This adows the class of extension data to oe tdencifted- 


0 


v i 


V 


V 


V 


V 


V 


v| 

I 

) 

I 
1 

1 


V 


0 


0 


0 


0 


1 


1 


0 


1 

1 ; 


0 


EXTENSION.DATA MPEG 

This Token informs me Video Oemux that the DATA Token mat 
follows contains extension data. Se« A.n .3, "Conversion of start 
codes to Tokens*, and A. M.6. "flecervmg User and 
Extensron data*. j 


1 


oio|ojijt]o|ojo 


F1ELDJNFO 

Games tnforma&on aocur the picture foilowtng ;o aid its drsoiay. 
This function ts not signalled by any existing coding standard. 

1 

t - if the picture ts an interfaced frame this bit ;nctcates if the ucoer 

j 

ftefd ts first (t«0) or second. 

p • if pictures are fields this indicates if the next picture is upoer : 
(p*Q) or tow*f m the frame, t 

f * a 3 bit number indicating position of the fieid m :ne 8 fie!d 5 al ! 

t 

sequence. - 


0 


f 




f 


t 


0 


f 




i 
1 


0 


0 


0| 0 

I 


1 


Oj . 

I 

t 
t 
1 

1 

1 


1 


1 

i 


FLUSH 

Used to indicate the end of me current coded data and to pus.n me : 
end of me data stream through me decoder. 


: 0 


0 


i 

i 


i 
j 

I 
i 
t 


1 


I ; 
1 I 

1 : 

! i 


j Oj 1 

i ! 
i 

i 
t 
t 
1 


GROUP.START 

Generated wnen ihe group of picfcres star, code is founa wren 
decoding MPEG or me frame marker is founa wnen decoding 
JPEG. 
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5 


7j S| 5 


4 


3j aj 1 1 o 


0«scnotton i 
. i 


t 


1 j 1 j 1 | 1 | 1 j 1 j 0 | 0 


HORIZONTAL.MBS ~j 

h - a 13 bit numoer integer indicating the horizontal width of the 
picture m macrobiocKs. 




rirjrjnihihjhih 


0 


h ' h hi hi hi h ! hi n 

! I i ! ! I I 


1 




1 j 1 j 0 j 0 j 1(0 


HORIZONTAL.SIZE 


1 


h j h j h J h j h 


h | h | h 


h - 16 bit number tntegef indicating the horizontal width of !ne 
picture in pixels. This can be any integer value. 


0 


h 


h j h j h j h 

t I ! 


h 


hj h 


1 


1 : 1 1 o j o , 1 j o i c j c 


JPEG_TABLE_SELECT 


Q 


r \ 

i 

i 


f 


f 


r 


r 


r i 


'i 

! 




informs the inverse quantiser which quantisation table to use cn 
the specified colour component. 

c • 2 bit component IO (see A.3.5.1 
t * 2 bit integer table number. 


1 


o j o i o 


11 1 | 0 j 0 j 1 


MAX.COMPJD 

m - 2 bit integer indicating the maximum value of component !D 

i 

(see A.3-5.1 } that will be usee* m the next picture. | 


0 


t 


f 


f 


r 


f 


r 


m 


m 


0 


1 j 1 | 0; t 


0 j 1 | c | c 




0 


r 


f 


f 


r 


r 


r 


t 


t 


j 

Configures wntch DC coefficient Huffman table should be usee for \ 

1 

colour component cc. j 

c - 2 bit component ID (see a,3.5.i 
t • 2 bit integer tabte number. 


u 


1 


1 

i 

j 

t 

i 
I 


0 

1 

j 


0 

1 


1 


1 


d 


! 


liDen tapi c eci cfT t 

i 

Informs the inverse quantiser wnemer to use the de/auit or user j 
defined quantisation table for intra or non-mtra information. 

n * 0 indicates intra information, i non-mtra. j 
d • 0 indicates default table. \ user defined. , 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


1 


0 


1 


d 


V 


V 


V 


V 


MVD_BACKWARDS 

Carries one component (either vertical or horizontal) of the 
backwards motion vector. 

d - 0 indicates x component, 1 the y component 

v - 12 bit two's complement number. The LSB provides half pixel 
resolution. 


0 


V 


V 


V 


V 


V 


V 


V 


V 


1 


1 


0 


0 


d 


V 


V 


V 


V 


MVD_FORWARDS 

Carries one component (either vertical or horizontal) of the 
forwards motion vector. 

d - 0 indicates x component, 1 the y component 

v - 12 bit two's complement number. The LSB provides half pixel 
resolution. 


0 


V 


V 


V 


V 


V 


V 


V 


V 


0 


0 


0 


0 


0 


0 


0 


0 


0 


NULL 

Does nothing 


1 


1 


1 


1 


1 


0 


0 


0 


1 


PEL_ASPECT 

p - a 4 bit integer as defined by MPEG 


0 


r 


r 


r 


r 


P 


P 


P 


P 


0 


0 


0 


0 


1 


0 


1 


1 


0 


PICTURE_END 

Inserted by the start code detector to indicate the end of the 
current picture. 


1 


1 


1 


1 


1 


0 


0 


0 


0 


P I CTU RE_RATE 

p - a 4 bit integer as defined by MPEG. 


0 


r 


r 


r 


r 


P 


P 


P 


P 


1 


0 


0 


0 


1 


0 


0 


1 


0 


P I CTU RE_START 

Indicates the start of a new picture. 

n - a 4 bit picture index allocated to the picture by the start code 
detector. 


0 


r 


r 


r 


r 


n 


n 


n 


n 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


1 


1 


1 


0 


1 


1 


1 


1 


PICTURE_TYPE MPEG 

p - a 2 bit integer indicating the picture coding type of the picture 
that follows: 

0 - Intra 

1 - Predicted 

2 - Bid irection ally Predicted 

3 - DC Intra 


0 


r 


r 


r 


r 


r 


r 


P 


P 


1 


1 


1 


1 


0 


1 


1 


1 


1 


PICTURE_TYPE H.261 

indicates various H.261 options are on (1) or off (0). These options 
are always off for MPEG and JPEG: 

s - Split Screen Indicator 
d - Document Camera 
f - Freeze Picture Release 
Source picture format: 
q = 0 - QCIF 
q = 1 - CIF 


1 


r 


r 


r 


r 


r 


r 


0 


1 


0 


r 


r 


s 


d 


f 


q 


1 


1 


0 


0 


1 


0 


h 


y 


X 


b 


f 


PREDICTION JvlODE 

A set of flag bits that indicate the prediction mode for the 

macroblocks that follow: 

f- forward prediction 

b - backward prediction 

x - reset forward vector predictor 

y - reset backward vector predictor 

h - enable H.261 loop filter 
























































0 


0 


0 


1 


s 


s 


s 


s 


s 


QUANT_SCALE 

Informs the inverse quantiser of a new scale factor 

s - a 5 bit integer in range 1 .31 . The value 0 is reserved. 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


0 


1 


r 


t 


t 


QUANT_TABLE 

Loads the specified inverse quantiser table with 64 8 bit unsigned 
integers. The values are in zig-zag order 

t - 2 bit integer specifying the inverse quantiser table to be loaded. 


1 


q 


q 


q 


q 


q 


q 


q 


q 




0 


q 


q 


q 


q 


q 


q 


q 


q 


0 


0 


0 


0 


1 


0 


1 


0 


0 


SEQUENCE_END 

The MPEG sequence_end_code and the JPEG EOI marker cause 
this Token to be generated. 


0 


0 


0 


0 


1 


0 


0 


0 


0 


SEQUENCE_START 

Generated by the MPEG sequence_start start code. 


1 


0 


0 


0 


1 


0 


0 


1 


1 


SLICE_START 

Corresponds to the MPEG slice_start, the H.261 GOB and the JPEG 
resync interval. The interpretation of 8 bit integer "s" differs between 
coding standards: 

MPEG - Slice Vertical Position - 1 . 

H.261 - Group of blocks Number - 1 . 

JPEG - resychronisation interval identification (4 LSBs only). 


0 


s 


s 


s 


s 


s 


s 


s 


s 


1 


1 


1 


0 


1 


0 


0 


t 


t 


TEMPORAL_REFERENCE 

t - carries the temporal reference. For MPEG this is a 10 bit integer. 
For H.261 only the 5 LSBs are used, the MSBs will always be zero. 


0 


t 


t 


t 


t 


t 


t 


t 


t 


1 


1 


1 


1 


0 


0 


1 


0 


d 


TIME_CODE 

The MPEG time_code: 
d - Drop frame flag 

h ^ Kit infanar cnar"if\?inn hoi ire 

n - o uil iiiLeyci ofJcLiiiy ii iy nuuio 

m - 6 bit integer specifying minutes 
s - 6 bit integer specifying seconds 
p - 6 bit integer specifying pictures. 


1 


r 


r 


r 


h 


h 


h 


h 


h 


1 


r 


r 


m 


m 


m 


m 


m 


m 


1 


r 


r 


s 


s 


s 


s 


s 


s 


0 


r 


r 


P 


P 


P 


P 


P 


P 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


1 


1 


0 


1 


1 


USER_DATA JPEG 

This Token informs the Video Demux that the DATA Token that 
follows contains user data. See A.11.3, "Conversion of start 
codes to Tokens", and A. 14.6, "Receiving User and Extension 
data". 

During JPEG operation the 8 bit field carries the JPEG marker 
value. This allows the class of user data to be identified. 


0 


V 


V 


V 


V 


V 


V 


V 


V 


o 


o 


o 


Q 


-\ 


1 


o 


-J 


1 


I iccd DATA Mppn 
UOli\ Un In IVI i CO 

This Token informs the Video Demux that the DATA Token that 
follows contains user data. See A.11.3, "Conversion of start 
codes to Tokens", and A. 14.6, "Receiving User and Extension 
data" 


1 


1 


1 


1 


0 


1 


1 


0 


1 


VBV_BUFFER_SIZE 

s - a 10 bit integer as defined by MPEG 


1 


r 


r 


r 


r 


r 


r 


s 


s 


0 


s 


s 


s 


s 


s 


s 


s 


s 


1 


1 


1 


1 


0 


1 


1 


1 


0 


VBV_DELAY 

b - a 16 bit integer as defined by MPEG 


1 


b 


b 


b 


b 


b 


b 


b 


b 


0 


b 


b 


b 


b 


b 


b 


b 


b 


1 


1 


1 


1 


1 


1 


1 


0 


1 


VERTICAL_MBS 

v - a 13 bit integer indicating the vertical size of the picture in 
macroblocks 


1 
1 


r 
r 


r 
r 


r 
r 


V 
V 


V 
V 


V 
V 


V 
V 


V 
V 


1 


1 


1 


1 


1 


0 


0 


1 


1 


VERTICAL_SIZE 

v - a 16 bit integer indicating the vertical size of the picture in 
pixels. 

This can be any integer value. 


1 


V 


V 


V 


V 


V 


V 


V 


V 


0 


V 


V 


V 


V 


V 


V 


V 


V 
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A-3.5 Numbers signalled in Tokens 

A. 3. 5.1 Component Identification number 

In accordance with the present invention, the Component ID number 
is a 2 bit integer specifying a color component. This 2 bit field is typically 
located as part of the Header in the DATA Token. With MPEG and H.261 
the relationship is set forth in Table A.3.3. 



Component ID 


MPEG or H 261 colour component 


0 


Luminance (Y) 


1 


Blue difference signal (Cb/U) 


2 


Red difference signal (CrA/) 


3 


Never used 



Table A.3.3 Component ID for MPEG and H.261 
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With JPEG the situation is more complex as JPEG does not 
limit the color components that can be used. The decoder 
chips permit up to 4 different color components in each 
scan. The IDs are allocated sequentially as the 
5' specification of color components arrive at the decoder* 
A. 3 .5.2 Horizontal and Vertical sampling numbers 
For each of the 4 color components, there is a 
specification for the number of blocks arranged 
horizontally and vertically in a macroblock. This 
.0 specification comprises a two bit integer which is one less 
than the number of blocks. 

For example, in MPEG (or H.261) with 4:2:0 chroma 
sampling (Figure 36) and component IDs allocated as per 
Table A. 3 . 4 . 



Component ID 


Horizontal 
sampling 
number 


Width in blocKs 


Vertical 
sampling 
number 


Height in blocks 


I 0 1 


2 1 2 


1 


0 


1 


0 


1 


2 


0 


1 


0 


1 


3 


Not used 


Not used | Not used 


Not used 



15 



Table X.3.4 sampling numbers for 4:2:0/MPEG 
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With JPEG and 4:2:2 chroma sampling (allocation of 
component to component ID will vary between applications. 
See A. 3 • 5 • l • Note: JPEG requires a 2:1:1 structure for its 
macroblocks when processing 4:2:2 data. See Table A. 3. 5, 





Horizontal 




Vemcal 




Ccrrocrent ID 


sarr-itng 


Wt<;:n tn blocks 


sampling 


He-grt :n b(oc<S 




number 




number 




Y 


1 




° 


1 


U 


0 






1 I 


V 


i 


1 




1 ; 



5 



Table A. 3. 5 Sampling numbers for 4:2:2 JPEG 
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A.3.6*p»cial Token formats 

In accordance with the present invention, tokens such as 
the DATA Token and the QUANTJTABLE Token are used in their 
"extended form" within the decoder chip-set. In the 
5 extended form the Token includes some data. In the case of 
DATA Tokens, they can contain coded data or pixel data. In 
the case of QUANTJTABLE tokens, they contain quantizer 
table information * 

Furthermore, "non-extended form" of these Tokens is 
10 defined in the present invention as "empty". This Token 
format provides a place in the Token stream that can be 
subsequently filled by an extended version of the same 
Token. This format is mainly applicable to encoders and, 
therefore, it is not documented further here. 



Toktn Name 


MPEG 


JPSG 


H2S\ 


! 8 ITERATE 


' 1 1 • I 


BROKEN_CLOS£D 


✓ ! 




CODING.STANDARD 






| COMPONENT.NAME 






CONSTRAINED 








DATA 


/ 


/ 


/ 


DEFINE_MAX_SAMPLING 


/ 


/ 


y 


DEFINE.SAMPUNG 




/ 




DHT_MARK£R 






DNL.MARKER 








OQT.MARKER 


i ' i i 


j DRLMARKER 




< i 



15 
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MP£G 


JP£G 




EXTENS10N.DATA 


/ 


/ 




FIELD JNFO 








! FLUSH ✓ 


' 1 - 


GROUP START 




HORIZONTAL MBS 




' 1 ' 






/ i ' i 


inrr' ta di e cci cpt 






WAV f»o*JO ir"i 

M A a_ CUM r_I U 


✓ 




MPfcG_DCH_TABLE 




MPEG.TABLE.SELECT 








MVD.BACKWARDS 


/ 






MVD.FORWARDS 


/ 


/ 


NULL 


✓ 




/ 


PEL.ASPECT 


! 


PICTURE.END 




' ! - 


PICTURE.RATE 


i ! 


j PICTURE.START 




' 1 ' i 


j P1CTURE.TYPE 


✓ ✓ j ✓ 


I PREDICT!ON_MODE 


/ i / f / ! 
i ■ i 


i QUANT.SCALE 




i ' ! 


QUANTJTABLE 


' ' ! j 


j SEQUENCE.END 

i 






SEQUENCE_START 




s 




SLICE.START 




TEMPORAL.REFERENCE 




! ' 1 


TIME.CODE 


' ! i i 


USER.DATA 


- 1 - l i 


VBV.BUFFER.S12E 


✓ j j ! 


VBVJDELAY 


^ i ,; 


VERTICAL_MSS 


/ 


! / 


VERTICAL.SIZE 


/ 


/ 


' ! 



Tabte A.3.6 Tokens for different standards (contd) 
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A. 3 • 7 Us* of Tokens for different standards 

Each standard uses a different sub-set of the defined 
Tokens in accordance with the present invention; ss Table 
A. 3. 6. 
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SECTION A.4 The two wire interface 

A. 4.1 Two-wire interfaces and the Token Port 

A simple two-wire valid/accept protocol is used at all 
levels in the chip-set to control the flow of information. 
5 Data is only transferred between blocks when both the 

sender and receiver are observed to be ready when the clock 
rises . 

1) Data transfer 

2) Receiver not ready 
10 3) Sender not ready 

If the sender is not ready (as in 3 Sender not ready 
above) the input of the receiver must wait. If the 
receiver is not ready (as in 2 Receiver not ready above) 
the sender will continue to present the same data on its 

15 output until it is accepted by the receiver. 

When Token information is transferred between blocks the 
two-wire interface between the blocks is referred to as a 
Token Port. 
A. 4.2 Where used 

2 0 The decoder chip-set, in accordance with the present 

invention, uses two-wire interfaces to connect the three 
chips. In addition, the coded data input to the Spatial 
Decoder is also a two-wire interface. 
A. 4 • 3 Bus signals 

2 5 The width of the data word transferred by the two-wire 

interface varies depending upon the needs of the interface 
concerned (See Figure 35, "Tokens on interfaces wider than 
8 bits". For example, 12 bit coefficients are input to the 
Inverse Discrete Cosine Transform (IDCT) , but only 9 bits 

3 0 are output. 
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interface 


Oa;a wen (bus) 


Cooed data tnout to Soaoai Decoder 


3 


Cutout Don of SpatiaJ Oecoder 




input oort of Temporal Oecofler 


9 


Output port of Temporal Oecoaer 


3 


Input port of Image Formatter 


3 



Table A. 4,1 Two wire interface data width 

In addition to the data signals there are three other 
signals transmitted via the two-wire interface: 

* valid 
5 .accept 

. extension 
A. 4*3.1 The extension signal 

The extension signal corresponds to the Token extension 
bit previously described. 
10 A . 4 . 4 Design considerations 

The two wire interface is intended for short range, 
point to point communication between chips. 

The decoder chips should be placed adjacent to each 
other, so as to minimize the length of the PCB tracks 
15 between chips. Where possible, track lengths should be 

kept below 25 mm. The PCB track capacitance should be kept 
to a minimum. 
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The clock distribution should be designed to minimize 
the clock slew between chips. If there is any clock slew, 
it should be arranged so that "receiving chips" see the 
clock before "sending chips", 1 
5 All chips communicating via two wire interfaces should 

operate from the same digital power supply. 
A. 4*5 Interface timing 



Num. 


Characteristic 


30 MHz 


Unit 


Note* 

5 


Mtn. 


Max. 


i 


inout signal set-uo time 


5 




ns 




2 


input signal Moid time 


0 




ns 




3 


Output signal drtve ome 




23 


ns 




a 


Output signal hold ame 


2 




ns 





Table A. 4 • 2 Two wire interface timing 



a. Figures in Table A* 4. 2 may vary in accordance with 
10 design variations 

b. Maximum signal loading is approximately 20 p F 



1 Note: Figure 3 8 shows the two-wire interface between the 
system de-mux chip and the coded data port of the Spatial 
Decoder operating from the main decoder clock. This is 
15 optional as this two wire interface can work from the coded 
data clock which can be asynchronous to the decoder clock. 
See Section A. 10. 5, "Coded data clock" . Similarly the display 
interface of the Image Formatter can operate from a clock that 
is asynchronous to the main decoder clock. 



A. 4. 6 Signal levels 
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The two-wire interface uses CMOS inputs and output. 
V 1Hm in is approx. 70% of V DD and V 1Lmax is approx. 30% of V D d- 
5 The values shown in Table A.4.3 are those for V 1H and Vi L at their 
respective worst case V D d- V D d=5.0V0.25V. 



Symbol 


Parameter 


Min. 


Max. 


Units 


VlH 


Input logic '1' voltage 


3.68 


Vdd '0.5 


V 


V 1L 


Input logic '0' voltage 


GND-0.5 


1.43 


V 


VOH 


Output logic '1' voltage 


Vdd- 0.1 




V a 


Vdd ~0A 




v b 


Vol 


Output logic '0' voltage 




0.1 


v c 




0.4 


v d 


I 1N 


Input leakage current 




± 10 


<X>A 



Table A.4.3 DC electrical characteristics 

a. l 0 H#1mA 
10 b. l 0 H#4mA 



c. l 0 L#1mA 

d. l 0 L#4mA 
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A.4.7 Control clock 

In general, the clock controlling the transfers across the 
two wire interface is the chip's decoder_clock. The exception is 
the coded data port input to the Spatial Decoder. This is 
controlled by coded__clock. The clock signals are further 
described herein. 
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SECTION A.5 DRAM Interface 
A.5.1 The DRAM interface 

A single high performance, configurable, DRAM interface is 
5 used on each of the video decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, the 
interfaces differ from one another in how they handle channel 
priorities. The interface is designed to directly drive the DRAM used 
by each of the decoder chips. Typically, no external logic, buffers or 
10 components will be necessary to connect the DRAM interface to the 
DRAMs in most systems. 



A.5.2 Interface signals 



Signal Name 


Input/ 
Output 


Description 


DRAM_data [31:0] 


I/O 


The 32 bit wide DRAM data bus. Optionally this bus 
can be configured to be 16 or 8 bits wide. See section 
A.5.8. 


DRAM„addr [10:0] 


O 


The 22 bit wide DRAM interface address is time 
multiplexed over this 1 1 bit wide bus. 


RAS 


o 


The DRAM Row Address Strobe signal 


CAS 


o 


The DRAM Column Address Strobe signal. One signal 
is provided per byte of the interface's data bus. All the 
CAS signals are driven simultaneously. 


WE 


o 


The DRAM Write Enable signal 


OE 


o 


The DRAM Output Enable signal 


DRAM_enab!e 


I 


This input signal, when low, makes all the output 
signals on the interface go high impedance. 

Note: on-chip data processing is not stopped when the 
DRAM interface is high impedance. So, errors will 
occur if the chip attempts to access DRAM while 
DRAM_enable is low 



Table A.5.1 DRAM interface signals 
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In *cc?ordance with the present invention, the interface 
is configurable in two ways: 

.The detail timing of the interface can be 
configured to accommodate a variety of 
5 different DRAM types 

.The "width" of the DRAM interface can be 
configured to provide a cost/performance 
trade-off in different applications* 
A- 5.3 Configuring the DRAM interface 
10 Generally, there are three groups of registers 

associated with the DRAM interface: interface timing 
configuration registers, interface bus configuration 
registers and refresh configuration registers. The refresh 
configuration registers (registers in Table A. 5. 4) should 
15 be configured last. 

A. 5 .3.1 Conditions after reset 

After reset, the DRAM interface, in accordance with the 
present invention, starts operation with a set of default 
timing parameters (that correspond to the slowest mode of 
20 operation) . Initially, the DRAM interface will continually 
execute refresh cycles (excluding all other transfers) . 
This will continue until a value is written into 
ref resh_interval . The DRAM interface will then be able to 
perform other types of transfer between refresh cycles. 
2 5 A. 5 . 3 . 2 Bus configuration 

Bus configuration (registers in Table A. 5. 3) should only 
be done when no data transfers are being attempted by the 
interface. The interface is placed in this condition 
immediately after reset, and before a value is written into 
30 ref resh_interval . The interface can be re-configured 
later, if required, only when no transfers are being 
attempted. See the Temporal Decoder chip_access register 
(A. 13.3.1) and the Spatial Decoder buf f er_manager_access 
register ( A. 13 . 1 . 1) . 
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A. 5 .3.^ interface timing configuration 

In accordance with the present invention, modifications 
to the interface timing configuration information are 
controlled by the interf ace_timing_access register. 
5 Writing l to this register allows the interface timing 
registers (in Table A. 5.2) to be modified. While 
interf ace_timing_access = 1, the DRAM interface continues 
operation with its previous configuration. After writing 
1, the user should wait until 1 can be read back from the 
10 interf ace_t iming_access before writing to any of the 
interface timing registers. 

When configuration is compete, 0 should be written to 
the interf ace_timing_access . The new configuration will 
then be transferred to the DRAM interface. 
15 A. 5 .3. 4 Refresh configuration 

The refresh interval of the DRAM interface of the 
present invention can only be configured once following 
reset. Until ref resh_interval is configured., the interface 
continually executes refresh cycles. This prevents any 
20 other data transfers. Data transfers can start after a 
value is written to ref resh_interval . 

As is well known in the art, DRAMs typically require a 
"pause" of between 100 jus and 500 as after power is first 
* applied, followed by a number of refresh cycles before 
25 normal operation is possible ♦ Accordingly, these DRAM 

start-up requirements should be satisfied before writing a 
value to ref resh_interval . 

A. 5*3. 5 Read access to configuration registers 

All the DRAM interface registers of the present 
30 invention can be read at any time. 
A. 5. 4 Interface timing (ticks) 
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The^ORAM interface timing is derived from a Clock which 
is running at four times the input Clock rate of the device 
(decoder_clock) . This clock is generated by an on-chip 
PLL. 

5 For brevity, periods of this high speed clock are 

referred to as ticks. 
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A.5.5 Interface registers 



Register name 


Size/Dir. 


Reset State 


Description 


interface_timing_access 


1 

bit 
rw 


0 


This function enable register attows access 
to the DRAM interface timing configuration 
registers. The configuration registers 
should not be modified while this register 
requests access to modify the configuration 
registers. After a 0 has been written to this 
register the DRAM interface will start to use 
the new values in the timing configuration 
registers. 


page_startjength 


5 

bit 
rw 


0 


Specifies the length of the access start in 
ticks. The minimum value that can be used 
is 4 (meaning 4 ticks). 0 selects the 
maximum length of 32 ticks. 


transfer_cycle_length 


4 

bit 

rw 


0 


Specifies the length of the fast page read or 
write cycle in ticks. The minimum value that 
can be used is 4 (meaning 4 ticks). 0 
selects the maximum length of 16 ticks. 


refresh_cycle_length 


4 

bit 
rw 


0 


Specifies the length of the refresh cycle in 
ticks The minimum value that can be used 
is 4. (meaning 4 ticks). 0 selects the 
maximum length of 16 ticks. 


RAS_f ailing 


4 

bit 

rw 


0 


Specifies the number of ticks after the start 
of the access start that RAS falls. The 
minimum value that can be used is 4 
(meaning 4 ticks). 0 selects the maximum 
length of 16 ticks. 


CASJailing 


4 

bit 

rw 


8 


Specifies the number of ticks after the start 
of a read cycle, write cycle or access start 
thatCAS falls. The minimum value that 
can be used is 1 (meaning 1 tick). 0 selects 
the maximum length of 16 ticks. 



Table A. 5.2 Interface timing configuration registers 
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Description 


Register name 


Size/Dir. 


Reset State 










DRAM_data_width 


2 


0 


Specifies the number of bits used on the 








DRAM interface data bus DRAM_data 




bit 




[31:0]. SeeA.5 8. 




rw 






row_address_bits 


2 


0 


Specifies the number of bits used for the 








row address portion of the DRAM 




bit 




interface address bus. See A.5.1 0 . 




rw 






DRAM_enable 


1 


1 


Writing the value 0 in to this register 








forces the DRAM interface into a high 




bit 




impedance state. 0 wilt be read from 








this register if either the DRAM_enable 








signal is low or 0 has been written to the 








register. 




rw 






CAS_strength 


3 


6 


These three bit registers configure the 








output drive strength of DRAM interface 


RAS_strength 


bit 




signals. This allows the interface to be 








configured for various different loads. 


addr_strength 












See A.5.1 3 


DRAM_data_strength 


rw 






OEWE_strength 









Table A.5.3 Interface bus configuration registers 
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A.5.6 Interface operation 

The DRAM interface uses fast page mode. Three different types of 
access are supported: 

5 • Read 

• Write 

• Refresh 

Each read or write access transfers a burst of 1 to 64 bytes to a single DRAM 
page address. Read and write transfers are not mixed within a single access 
10 and each successive access is treated as a random access to a new DRAM 
page. 



Register name 






Description 


Size/Dir. 


Reset State 






refresh_interval 


8 

bit 
rw 


0 


This value specifies the interval 
between refresh cycles in periods of 16 
decoder_clock cycles. Values in the 
range 1..255 can be configured. The 
value 0 is automatically loaded after 
reset and forces the DRAM interface to 
continuously execute refresh cycles 
until a valid refresh interval is 
configured. It is recommended that 
refreshjnterval should be configured 
only once after each reset. 


no_refresh 


1 


0 


Writing the value 1 to this register 








prevents execution of any refresh 




bit 




cycles. 




rw 







Table A.5.4 Refresh configuration registers 
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A.5.7^A*cess structure 

Each access is composed of two parts: 
.Access start 
.Data transfer 

In the present invention, each access begins with an 
access start and is followed by one or more data transfer 
cycles. In addition, there is a read, write and refresh 
variant of both the access start and the data transfer 
cycle . 

Upon completion of the last data transfer for a 
particular access, the interface enters its default state 
(see A . 5 . 7 . 3 ) and remains in this state until a new access 
is ready to begin. If a new access is ready to 
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begin when the last access has finished, then the new 
access will begin immediately. 
A, 5.7.1 Access start 

The access start provides the page address for the read 
5 or write transfers and establishes some initial signal 
conditions. in accordance with the present invention, 
there are three different access starts: 

.Start of read 

.Start of write 
10 .Start of refresh 



J Num. 


Characteristic 


Min. 


Max. 


Unit 


Motes : 


5 


RaS precharge period set oy register 
RAS Jailing 


4 


16 


OCX 


i 
I 
i 

( 


6 


Access start duration set oy register 
page .start Jength 


4 


32 




i 

! 
! 


-» 


CAS precnarge iengtn set Dy register 
CASjaMng. 


1 


16 




i 
! 


8 


Fast page read or write cycle iengtn set Dy 
the regtster tmnsfer.cycle Jengtft. 


4 


16 




i 


9 


Refresh cycle lengffi set oy the regtster 
refresh.cycle. 


4 


16 







Table A. 5 • 5 DRAM Interface timing parameters 

This value must be less than RAS_falling to ensure 
tAS before RAS refresh occurs. 
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In each case, the timing of RAS and the row address is 
controlled by the registers RAS_falling and 
page_start_length. The state of OE and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until **RAS 
falls. The three different access start types only vary in 
how they drive OE and DRAM_data[31: 0] when RAS falls. See 
Figure 43. 

A. 5.7. 2 Data transfer 

In the present invention, there are different types of 
data transfer cycles: 
.Fast page read cycle 
•Fast page late write cycle 
•Refresh cycle 

A start of refresh can only be followed by a single 
refresh cycle. A start of read (or write) can be followed 
by one or more fast page read (or write) cycles. At the 
start of the read cycle CAS is driven high and the new 
column address is driven. 

Furthermore, an early write cycle is used. WE is driven 
low at the start of the first write transfer and remains 
low until the end of the last write transfer. The output 
data is driven with the address. 

As a CAS before RAS refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during the refresh cycle. The purpose of the 
refresh cycle is to meet the minimum RAS low period 
required by the DRAM. 
A. 5. 7. 3 Interface default state 

The interface signals in the present invention enter a 
default state at the end of an access: 

RAS , CAS and WE high 

*data and OE remain in their previous state 
.addr remains stable 
A. 5 . 8 Data bus width 
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The***© bit register, DRAM_data_width , allows the width 
of the DRAM interface's data path to be configured. This 
allows the DRAM cost to be minimized when working with 
small picture formats. 





ORAM. data .width 


i 


0* 


8 Dtt wida data bus on 0«AM_d*u(31 :2<\°. 




16 bit vwda data bus on OAAM,datt{3l:i6]^. 


2 


32 bit wtda data bus on DRAM_daU(3t:0). j 


Table A* 5 . 


6 Configuring DRAM_data_width 



a. Default after reset. 

b. Unused signals are held high impedance. 



A. 5. 9 row address width 

The number of bits that are taken from the middle 
10 section of the 24 bit internal address in order to provide 
the row address is configured by the register, 
row address bits* 



fow.sddrvts.bita 


wtdtn o( row aodrtu 


1 lOomon ORAM.addr{9:0] 


1 2 

i 


| n bits on DRAM.addr(lO:0] 



Table A. 5.7 Configuring row address bits 
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A.5, lo-AAdr«33 bits 

On-chip, a 2 4 bit address is generated. How this 
address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits 
5 selected for the row address. Some configurations do not 
. permit all the internal address bits to be used and, 
therefore, produce "hidden bits)". 

Similarly, the row address is extracted from the middle 
portion of the address* Accordingly, this maximizes the 
10 rate at which the DRAM is naturally refreshed. 



row 
addrats 

width 


row ftddrtss 
translation 
intamal axttmai 


data but 

width 


column addra&s translation 
internal O txttrnai 


9 


(14:610(8:0) 


a 


[19:15)0(10:6] 


{5:0|0(5:0| 






16 


(20:15) o {10:5) 


(5:1| 0(4:01 






32 


(21:1510(10:4) 


(5:2)0(3:0) 


10 


(15:6)0(9:0) 


a 


(19:1610(10:6) 


(5:0)0(5.0) 






16 


(20:1610(10:5) 


(5:1)0(4:0) 






32 


(21:16)0(10:4) 


(5:2)0(3-0| 


it 


(16:610(10:0) 


6 


(19:17)0(10:6) 


(5:0)0(5:01 






16 


(20:17)0(10:5) 


(5:110(4:0) 






32 


(21:l7)o{10:4J 


(5.210(3.01 



Table a* 5.8 Happing between internal and external addresses 
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A.5.1fr»i«. Low order column addres-s * bits 

The least significant 4 to 6 bits of the column address 
are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
5 control these transfers will depend on the width of the 
data bus (see A. 5. 8). 

A. 5. 10.2 Decoding row address to access more DRAM banks 
Where only a single bank of DRAM is used, the width of 
the row address used will depend on the type of DRAM used. 

10 Applications that require more memory than can be typically 
provided by a single DRAM bank, can configure a wider row 
address and then decode some row address bits to select a 
single DRAM bank, 

NOTE: The row address is extracted from the middle of 

15 the internal address. If some bits of the row address are 
decoded to select banks of DRAM, then all possible values 
of these "bank select bits" must select a bank of DRAM. 
Otherwise, holes will be left in the address space. 
A. 5. 11 DRAM Interface enable 

20 In the present invention, there are two ways to make all 

the output signals on the DRAM interface become high 
impedance, i.e., by setting the DRAM_enable register and 
the DRAM-enable signal. Both the register and the signal 
must be at a logic 1 in order for the drivers on the DRAM 

25 interface to operate. If either is low then the interface 
is taken to high impedance. 

Note; on-chip data processing is not terminated when 
the DRAM interface is at high impedance. Therefore, errors 
will occur if the chip attempts to access DRAM while the 

30 interface is at high impedance. 

In accordance with the present invention, the ability to 
take the DRAM interface to high impedance is provided to 
allow other devices to test or use the DRAM controlled by 
the Spatial Decoder (or the Temporal Decoder) when the 



193 



Spatial decoder (or the Temporal Decoder) is not in use. 
It is not intended to allow other devices to share the 
memory during normal operation. 
A. 5 • 12 Refresh 

5 Unless disabled by writing to the register, no_refresh, 

the DRAM interface will automatically refresh the DRAM 
using a c;a$ before TZKS refresh cycle at an interval 
determined by the register, ref resh_interval . 

The value in ref resh_interval specifies the interval 

10 between refresh cycles in periods of 16 decoder_clock 

cycles. values in the range 1,255 can be configured. The 
value 0 is automatically loaded after reset and forces the 
DRAM interface to continuously execute refresh cycles (once 
enabled) until a valid refresh interval is configured. It 

15 is recommended that ref resh_interval should be configured 
only once after each reset. 

While reset is asserted, the DRAM interface is unable to 
refresh the DRAM . However, the reset time required by the 
decoder chips is sufficiently short, so that it should be 

20 possible to reset them and then to re-configure the DRAM 
interface before the DRAM contents decay. 
A. 5 .13 Signal strengths 

The drive strength of the outputs of the DRAM interface 
can be configured by the user using the 3 bit registers, 

2 5 CAS_strength, RAS_strength, addr_strength , 

DRAM_data_strength, and OEWE_strength . The MSB of this 3 
bit value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances . 

30 The default strength after reset is 6 and this 

configures the outputs to take approximately 10ns to drive 
a signal between GND and V DD if loaded with 24 p F. 



s^ength value 


Drrve characteristics 


0 


Acorox. 4 ns/V into 6 pf load 


1 


Appro*. 4 ns/V into 12 pf load j 


2 


Aporox. 4 ns/V into 24 pf load 


3 


Appro*. 4 ns/V into 48 pf load 


4 


Aporox, 2 ns/V into 6 pf load 


5 


Approx. 2 ns/V into 12 pf load 


6* 


Aporox. 2 ns/V into 24 pf load 


7 


Aporox. 2 ns/V into 46 pf load 



Table A. 5. 9 Output strength configurations 

a. Default after reset 

When an output is configured appropriately for the load 
it is driving, it will meet the AC electrical 
characteristics specified in Tables A. 5. 13 to A. 5. 16. When 
appropriately configured, each output is approximately 
matched to its load and, therefore, minimal overshoot will 
occur after a signal transition. 
A. 5 .14 Electrical specifications 

All information provided in this section is merely 
illustrative of one embodiment of the present invention and 
is included by example and not necessarily by way of 
limitation. 
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Symbol 


Parameter 


Mia 


Max. 


Units 




Supply vot'.age retatrve to GND 


•0.5 


65 


V 




inout voltage on any pin 


GNO • 0.5 


V 3Q . 0.5 


V 




Ooeraang temperature 


-40 


-85 


1 


i T s 


Storage temperature 


•55 


.150 





Table A. 5. 10 Maximum Ratings* 

Table A. 5. 10 sets forth maximum ratings for the 
illustrative embodiment only. For this particular 
embodiment stresses below those listed in this table should 
5 be used to ensure reliability of operation- 



Symbol 


Parameter 


Min. 


Max. 


Units 




Suppfy voltage relative to GNO 


4.75 


5.25 


V 


GNO 


Ground 




o 






input logte 'V voltage 


2.0 


V^o - 0.5 


i 




tnout logic '0' voltage 


GNO ■ 0.5 


o.a 






Operating temperature 


° 


70 


•C j 



Table A. 5 . 11 DC Operating conditions 

a, with TBA linear ft/min transverse airflow 
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Svmho! 


Parameter 


Min. 


Max. 


Units 


V 0L 


Output logic '0' voltage 




0.4 


V a 


V 0H 


Output logic '1 1 voltage 


2.8 




V 




Ontnut current 


± 100 




uA b 


'oz 


Output off state leakage current 


±20 




uA 


l IZ 


Input leakage current 


±10 




uA 


"DD 


RMS power supply current 




500 


mA 


°IN 


Input capacitance 




5 


PF 


c 0UT 


Output /IO capacitance 




5 





Table A.5.12 DC Electrical characteristics 

a. AC parameters are specified using V 0 Lmax = 0.8V as the 
measurement level. 

b. This is the steady state drive capability of the interface. 
Transient currents may be much greater. 
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A.S.i^Ti^AC char 



acteristics 



J Num. 


Parameter 


Mm. 


Max. 


Unit 


Note 4 


10 


j Cycle Dme 


-2 


+2 


ns 


i 


1 n 


Cycle ame 


•2 


~2 


n S 


! 




Htgn puts* 


-5 


- 2 


ns 


1 

i 




Low pulse 


-11 


*2 


ns 


i 


u 


Cycle ame 


•3 


*2 


n. I 


i 
i 





Table A. s. 13 Differences from nominal values for a strobe 

a. As will be appreciated by one of ordinary skill in 
the art, the driver strength of the signal must be 
configured appropriately for its load. 




Table A. 5. 14 Differences from nominal 
values between two strobes 

a- The driver strength of the two signals must be 
configured appropriately for their loads. 
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Num. 


Parameter 


Mm. 




*Jnt 


Note* ; 


19 


Set uo time 


♦12 


♦ 3 




20 


Ho*d time 


•12 


<o 




i 


21 


Address access tirre 


•12 




ns j 


i 22 


Next valid after strcse 


•12 


+3 







Table A. 5 . 15 Differences from nominal 
between a bus and a strobe 

a. The driver strength of the bus and the strobe must 
be configured appropriately for their loads. 



Num. 


Parameter 


Mtn. 


Max. 




Note , 


23 


Read data set-up ome sefore CAS signal 
starts to nse 


0 






I 

i 


24 


Read data hold time after CAS signal 
starts to go high 


0 




r.s 


i 



5 Table A«5.16 Differences from nominal 

between a bus and a strobe 



When reading from DRAM, the DRAM interface samples 
DRAM_data f 3 1 : 0 ] as the "CSS signals rise. 
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parameter 


parameter 


parameter : 




name 


| numoer 


J name 


j number 


name 


number ! 




[PC 


10 


IHgn 


1 6 


tRHCP 
tCPRH 


18 i 

i 




(AC 


\ \ 






tASR 


i 

19 i 




tRP 


12 


tRWL 




tASC 


1 
i 




tCP 




rCWL 




tos 


i 

1 




XCPN 




tRAC 




IRAH 


20 ' 




tPAS 


13 


tOAC/tOH 




tCAH 


1 




tCAS 




fCHR 




tOH 






tCAC 




tCRP 


17 


IAR 






tw? 




tRCS 




IAA j 


21 




tRAS? 




tRCH 




IRAL 


I 




tRASC 




tRRH 




tRAO 


22 i 




tACPflCPA 


14 


tRPC 






i 




TWO 


15 


tCP 










tCSR 




tRPC 




I 1 



e A. 5. 17 Cross-reference between "standard" DRAM 
parameter names and timing parameter numbers 
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SECTION^ A.6 Microprocessor interface (MPI) 

A standard byte wide microprocessor interface (MPI) is 
used on all chips in the video decoder chip-set. However, 
one of ordinary skill in the art will appreciate that 
microprocessor interfaces of other widths may also be used. 
The MPI operates synchronously to various decoder chip 
clocks. 

A- 6.1 MPI signals 



Signal Name 


input/ 
Output 


! 

Description i 

I 


enaoie(t:0] 


Input 


Two active iow cnip enaates. Sotn must tow to 
enaote accesses via me MP'. 


rw 


input 


H:gn indicates mat a device wisr.es :o r«ad values * 

t 

from the video cn«p. 

i 

This signal snoutd oe staple wmie me zt»o & j 
e nailed. j 


addr(n:0) 


input 


Address specifies one of 2 rt locations in me cmp s ! 
memory map. j 

This signal snouid oe stable wntfe me cr.ip is j 
enabled. ] 


data [7:0) 


Output 


8 btt wide data I/O port. These p<r\s are mgn 

i 

impedance if either enaoie signal is hicn. t 


Irq 

I 


Output 


An active low, open collector, interrupt request i 

1 

sic/naJ. j 



Table A. 6,1 MPI interface signals 
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A.6.2~* M electrical specifications 



Sym&cl 


Parameter 


Win. 


Max. 


j Uni 3 


! v 30 


| Supply vofugt reiat/ve to GNO 




|6.5 


! v 


1 v, N 


input voltage on any pm 


GNO. 0.5 


V D0 - 0.5 


! V 


1 T * 


Operating temperature 


-40 


♦85 


I *c 




Storage temperature 


55 


♦150 





Table A. 6.2 Absolute Maximum Ratings 




b. 



Table A. 6. 3 DC Operating conditions 

AC input parameters are measured at a 1.4V 
measurement level. 

with TBA linear ft/min transverse airflow. 
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1 

j Symool 


Parameter 


Mm. 


Max. 


| Un.ts 


1 V* 


Output logic '0* voltage 






1 * 


VOL* 


Open collector output logic '0* 
voltage 




0.4 


V* 




Output iogrc 'V voltage 


2.4 


1 


V j 




Output current 


i 100 






1 


Open collector output current 


4.0 


8.0 | 




| '02 


Output off state leakage current 




j 


UA ! 




Input leakage current 


i 


| 


UA ; 


! '=e 


RMS power supply current 


i 


SCO { 






input capacitance 


s j 


1 




Output / 10 capacitance 




s ! 


1 

r 



Table A. 6. 4 DC Electrical characteristics 

b. This is the steady state drive capability of 
the interface. Transient currents may be 
much greater. 

c When asserted the open collector Irq output 
pulls down with an impedance of 10017 or less. 
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6,2.*T ^AC characteristics 



N*n. j 

| 


Characters^ 


Mm, 


Max. 


Unit 


"1 

Notes 


=3 1 


enaoie low oerod 


;oo 




rs 


( 


=« 1 


Enaole ngn -er.cd 


50 




ns 


! 


27 


Address or rv* set-uo to cnip enaote 






, S 


i 


28 


Address or rw noid from cnip disaoie 


0 


I - 




29 


Output turn-on ttrre 


20 


1 - 




30 


Read data access time 




70 


ns 


t 
t 


31 


Read data noid am« 


5 




ns 




32 


ftead data turn-off time 




30 | 





Table A. 6 . 5 Microprocessor interface read timing 

a. The choice, in this example, of enablef 0 ] 
to start the cycle and enablefl] to end it 
is arbitrary- These signal are of equal 
status * 

b. The access time is specified for a maximum 
load of 50 p F on each of the data [7.0]. 
Larger loads may increase the access time. 



Num, 


Characteristic 


Min. 


mm. 


Urol 


Notes 


33 


Wnte data set-up time 




i 


ns 




34 


write data noid om« 


0 


t 


ns 





Table A. 6.6 Microprocessor interface write timing 

a. The choice, in this example, of enaniefO] 
to start the cycle and eriabi4[ 1 ] to end 
it is arbitrary. These signal are of equal 
status . 
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A. 6 . 3 ~I*terrupts 

In accordance with the present invention, "event 11 is the 
term used to describe an on-chip condition that a user 
might want to observe. An event can indicate an error or 
5 it can be informative to the user's software. 

There are two single bit registers associated with each 
interrupt or. "event". These are the condition event 
register and the condition mask register . 
A* 6 .3.1 condition event register 
10 The condition event register is a one bit read/write 

register whose value is set to one by a condition occurring 
within the circuit. The register is set to one even if the 
condition was merely transient and has now gone away. The 
register is then guaranteed to remain set to one until the 
15 user's software resets it (or the entire chip is reset). 
■The register is set to zero by writing the 
value one 

• writing zero to the register leaves the register 
unaltered . 

2 0 -The register must be set to zero by user 

software 

before another occurrence of this condition can 
be observed. 
•The register will be reset to zero on reset. 
2 5 A. 6,3.2 Condition mask register 

The condition mask register is one bit read/write 
register which enables the generation of an interrupt 
request if the corresponding condition event register(s) 
is (are) set. If the condition event is already set when l 
30 is written to the condition mask register, an interrupt 
request: will be issued immediately. 
■The value 1 enables interrupts. 
•The register clears to zero on reset. 
Unless stated otherwise a block will stop operation 
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after aerating an interrupt request and will re-start 
operation after either the condition event or the condition 
mask register is cleared. 
A. 6. 3. 3 Event and mask bits 

Event bits and mask bits are always grouped into 
corresponding bit positions in consecutive bytes in the 
memory map (see Table A. 9. 6 and Table A. 17. 6). This allows 
interrupt service software to use the value read from the 
mask registers as a mask for the value in the event 
registers to identify which event generated the interrupt. 
A. 6. 3. 4 The chip event and mask 

Each chip has a single "global" event bit that 
summarizes the event activity on the chip. The chip event 
register presents the OR of all the on-chip events that 
have l in their mask bit. 

A l in the chip mask bit allows the chip to generate 
interrupts. A 0 in the chip mask bit prevents any on-chip 
events from generating interrupt requests. 

Writing 1 to o to the chip event has no effect. it will 
only clear when all the events (enabled by a 1 in their 
mask bit) have been cleared. 
A. 6. 3. 5 The irq signal 

The irq signal is asserted if both the chip event bit 
and the chip event mask are set. 

The IFq" signal is an active low, "open collector" output 
whichjrequires an off-chip pull-up resistor. When active 
the irq output is pulled down by an impedance of 1000 or 
less . 

I will be appreciated that pull-up resistor of 
approximately 4kn should.be suitable for most applications. 
A. 6. 4 Accessing registers 

A. 6. 4.1 stopping circuits to enable access 

In the present invention, most registers can only 
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modified if the block with which they are associated is 
stopped. Therefore, groups of registers will normally be 
associated with an access register. 

The value 0 in an access register indicates that the 
group of registers associated with that access register 
should not be modified* Writing 1 to an access register 
requests that a block be stopped. However, the block may 
not stop immediately and block's access register will hold 
the value 0 until it is stopped. 

Accordingly, user software should wait (after writing 1 
to request access) until 1 is read from the access 
register. If the user writes a value to a configuration 
register while its access register is set to 0, the results 
are undefined. 

X. 6.4.2 Registers holding integers 

The least significant bit of any byte in the memory map 
is that associated with the signal data[0]. 

Registers that hold integers values greater than 8 bits 
are split over either 2 or 4 consecutive byte locations in 
the memory map. The byte ordering is "big endian" as shown 
in Figure 55. However, no assumptions are made about the 
order in which bytes are written into multi-byte 
registers. 

Unused bits in the memory map will return a 0 when read 
except for unused bits in registers holding signed 
integers. In this case, the most significant bit of the 
register will be sign extended. For example, a 12 bit 
signed register will be sign extended to fill a 16 bit 
memory map location (two bytes) . A 16 bit memory map 
location holding a 12 bit unsigned integer will return a 0 
from its most significant bits. 
A. 6,4.3 Keyboled address locations 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 
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"keyholes/'. A "keyhole" has two -registers associated with 
it, a keyhole address register and a keyhole data register. 

The keyhole address specifies a location within an 
extended address space. A read or a write operation to the 
5 keyhole data register accesses the -location specified by 
the keyhole address register. 

After accessing a keyhole data register the associated 
keyhole address register increments. Random access within 
the extended address space is only possible by writing a 
10 new value to the keyhole address register for each access. 
A chip in accordance with the present invention, may 
have more than one "keyholed" memory map. There is no 
interaction between the different keyholes. 
A. 6. S Special registers 
15 A. 6. 5.1 Unused registers 

Registers or bits described as "not used" are locations 
in the memory map that have not been used in the current 
implementation of the device. In general, the value 0 can 
be read from these locations. Writing 0 to these locations 
20 will have no effect. 

As will be appreciated by one of ordinary skill in the 
art, in order to maintain compatibility with future 
variants of these products, it is recommended that the 
user's software should not depend upon values read from the 
25 unused locations. Similarly, when configuring the device, 
these locations should either be avoided or set to the 
value 0. 

A. 6.5.2 Reserved registers 

Similarly, registers or bits described as "reserved* 1 in 
30 the present invention have un-documented effects on the 
behavior of the device and should not be accessed. 
A . 6 . s . 3 Test registers 

Furthermore, registers or bits described as "test 
registers" control various aspects of the device's 
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testa ity- Therefore, these registers have no 
application in the normal use of the devices and need not 
be accessed by normal device configuration and control 
software . 
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SECTION A.7 Clocks 

In accordance with the present inventions, many 
different clocks can be identified in the video decoder 
system. Examples of clocks are illustrated in Figure 56. 
5 As data passes between different clock regimes within 

the video decoder chip-set, it is resynchronized (on-chip) 
to each new clock. In the present invention, the maximum 
frequency of any input clock is 3 0 MH,. However, one of 
ordinary skill in the art will appreciate that other 

10 frequencies, including those greater than 30MHz, may also 
be used. On each chip, the microprocessor interface (MPI) 
operates asynchronously to the chip clocks. In addition, 
the Image Formatter can generate a low frequency audio 
clock which is synchronous to the decoded video's picture 

15 rate. Accordingly, this clock can be used to provide 
audio/video synchronization. 
A. 7,1 Spatial Decoder clock signals 

The Spatial Decoder has two different (and potentially 
asynchronous) clock inputs: 



Signal Name 


Input / 
Output 


Description 


coded.ciock 


Input 


This ctocK comrois caca transfer m 10 the coceo caia 
port of the Spaoal Decoder. 

On<nip this clock controls tne processing of the 
coded data until it reaches tne coded data buffer. 


decoder_cioe* 

I 

1 


input 


Th« decoder ciock controls tne maionry of the 1 
processing functions cn tne Spatial Decoder. j 

i 

The decoder clock also controls the transfer of data 
out of me Spatial Decacer tnrcugn tts output oon. 



2 0 Table A- 7.1 Spatial Decoder clocks 
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A« 7 . z ^Temporal Decoder cloclc signals 

The Temporal Decoder has only one clock input: 



Signal Name 


Input / 
Output 


Description 


deeoder_cioc* 


Input 


The deeoaer ciocK controls ail of tfte process.rg 
functions on the Temporal Oecoder. | 

The decoder clock also controls transfer of data <n :o . 
tne Temporal Decoder nrougn its input port and cut 
vta its output pon. | 



Table A. 7. 2 Temporal Decoder clocks 
A. 7.3 Electrical specifications 



Num. 


Characteristic 


30 MHz 


Unit 


Note 

: 


Min. 


Max. 


35 


CtccK period 


33 




ns 


i 


36 


Clock high penod 


13 




ns 




37 


Clock low period 


13 




ns 


j 



5 



Table A. 7. 3 input clocJc requirements 



Symbol 


Parameter 




Max. 


Units 




3.68 






inout logic '0' voltage 


GNO - 0.5 


1.43 j V , 


'02 


Inout leakage current 




1 10 viA 



Table A. 7. 4 ClocX input conditions 

.7.3.1 CMOS levels 

The clock input signals are CMOS inputs. V IHimn is 
approx. 70% of v :)0 and V tLmai is approx. 30% of V 00 . The 
values shown in Table A. 7*4 are those for V rH and V lL at 
their respective worst case v 00 . V D0 =5 . 0±0 . 2 5V . 
A. 7 1.2 Stability of clocfcs 

Ir tne present invention, clocks used to drive the DRAM 
inter: ^c? and the chip-to-chip interfaces are derived from 
the input clock signals. The timing specifications for 
these interfaces assume that the input clock timing is 
stable to w.rhin ± 100 ps. 
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SECTION A.8 JTAG 

As circuit boards become more densely populated, it is 
increasingly difficult to verify the connections between 
components by traditional means, such as in-circuit testing 
. ^ 5 using a bed-of-nails approach. In an attempt to resolve 
the access problem and standardize on a methodology, the 
Joint Test Action Group (JTAG) was formed. The work of 
this group culminated in the "Standard Test Access Port and 
Boundary Scan Architecture", now adopted by the IEEE as 

10 standard 1149*1. The Spatial Decoder and Temporal Decoder 
comply with this standard. 

The standard utilizes a boundary scan chain which 
serially connects each digital signal pin on the device. 
The test circuitry is transparent in normal operation, but 

15 in test mode the boundary scan chain allows test patterns 
to be shifted in, and applied to the pins of the device. 
The resultant signals appearing on the circuit board at the 
inputs to the JTAG device, may be scanned out 'and checked 
by relatively simple test equipment. By this means, the 

20 inter-component connections can be tested, as can areas of 
logic on the circuit board. 

All JTAG operations are performed via the Test Access 
Port (TAP) , which consists of five pins. The rrst (Test 
Reset) pin resets the JTAG circuitry, to ensure that the 

2 5 device doesn't power-up in test mode. The tck (Test Clock) 
pin is used to clock serial test patterns into the tdi 
(Test Data Input) pin, and out of the tdo (Test Data 
Output) pin. Lastly, the operational mode of the JTAG 
circuitry is set by clocking the appropriate sequence of 

30 bits into the tms (Test Mode Select) pin. 

The JTAG standard is extensible to provide for 
additional features at the discretion of the chip 
manufacturer. On the Spatial Decoder and Temporal Decoder, 
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there are 9 user instructions, including three JTAG 
mandatory instructions. The extra instructions allow a 
degree of internal device testing to be performed, and 
provide additional external test flexibility. For example, 
5 all device outputs may be made to float by a simple JTAG 
sequence . 

For full details of the facilities available and 
instructions on how to use the JTAG port, refer to the 
following JTAG Applications Notes. 
10 A. 8.1 Connection of JTAG pins in no n- JTAG systems 



Signal 


Direction 


Oescnption 


trst 

I 


input 


This ptn has an internal puti-up, out must oe taken 
low at power-up even if one JTAG fearures are not 
being used. This may be achieved By ccrnecang 
Trst in common with the chip reset Din reset. 


; tdi 


input 


These pins have internal pull-ups. ar.c .*r\ay oe lert 
disconnected if the JTAG circuitry is not 5emg used. 


tms 


tck 


Input 


This pm does not have a pull-up, and sncuid oe tied 
to ground if the JTAG circuitry is not used. 


tdo 


Output 


High impecance except during JTAG scan j 
operations. If JTAG is not oetng used, T.ts pin may J 
De left disconnected. j 



Table A. 8.1 How to connect JTAG inputs 
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A.8.2*Uvil of Conformance to IEEE 1149.1 
A. 8. 2.1 Rules 

All rules are adhered to, although the following should 
be noted: 



Rules 


Oescnption 


3.1.1(b) 


The trst pm is provided. 


3.5.1(b) 


Guaranteed for ail public instructions (see lESH 
5.2.1(e)). 


5.2.1(c) 


Guaranteed tor aJf public instructions. For some create 
instructions, trie TOO pin may be acave dunng any of ate 
states Caocure-OR Exitl-Ofl, Exit-2-DR & Pause-DR. 

i 


5.3.1(a) 


Power on-reset ts acnieved by use ol the trst ptn. 


6-2.1(6.0 


a code tor tne BYPASS instrucaon is loaded tn the Tesi-Logc- | 

i 

Reset sate. ■ 


7.1.1(d) 


Unallocated instrucaon codes are equtvaiem :o 3YPASS. ■ 


7.2.1(c) 


There is no devce JO register. I 



5 



Table A. 8.2 JTAG Rules 
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^Ruies 


Oescnction 


7.3.1(b) 


Single-step operation recuses external control ot re system 

CiOCK. 


7 3 !(...) 


There ts no RUNSlST facitry. 


7 n.i(...) 


There is no ICCOOE instruction. 


7.12.1{„.) 


There >s no USeRCOOE msifuc-cn. 


3.1. Kb} 


There is no cevce identification regtsier. 


8.2.1(0 


Guaranteed for alt puenc instructions. The accarert length of 
the oath from tdi to tdo may change under certain 
crcumstances while private instruction codes are loaded. 


3.3.1(^-1) 


Guaranteed .'or all public instructions. Data may be loaded at 
times other than on the rising edge of tck while rnvate 
instructions codes are loaded. 


10.4 He) 


During I.V7H57, the system clock pm must be ccn roiled j 
externally ) 


lO.S.Uc) 


Ourmg tN"37, output cms are controlled by data snrfted tn via j 
tdi. j 


Table A • 8 • 2 JTAG Rules 


* 2 . 2 Recommenda 


tions 


Recommendation 


Oescnpaon j 


3.2.1(b) 


tek ts a hign-imoedance CMOS input. j 


3.3.1(c) 


tms has a high impedance pufi-uo. | 


3.6.1(d) 


(Applies to use of chip), j 


3.7.1(a) 


(Applies to use of chip). j 


6.1.1(e) 


The SAWPL=/PR£LOAO instruction code ts icadec Curing j 
Cacture-iR. | 


| 7.2.1(0 


The INTEST instruction is supported. j 


7.7.1(g) 


Zeros are loaded at system ouiput pins during SX7S5T. j 


| 7.7.2(h) 


Ail system outputs may be set hign-tmpedance, j 


1 73.1(0 


Zeros are loaded at system input pms during iNTcST. 


3.1 Md.e) 


Oesign-soeaftc test cata registers are not cuoiicty accessible. 1 



Table A.8.3 Recommendations met 



Recommendation 


Oescnpticrs 


10.4.1(f) 


Ounng EXTEST. the $*gnaJ dnven into the orv<hip iogc from 
the system clock pin is that supplied external*. 



Table A. 8. 4 Recommendations not implemented 
.8,2*3 Permissions 




.3.1(a) 
\3.1(c) 
7^.1(0 
10.1. 1(t) 
10.3.1(h) 
10.3.1(i.j) 

I0.5.i(d.e) 



Guaranteed t 0f m p uo , <e )n$truc0ons 
The instrucaon register ts not 
information 



used to capture des:cn-scear-c 



Several agdit,onaf pu^ig ,nstnjc It0 ns are provicec. 
Several pnvate instrveflon codes are alloca ted. 
(Rule?) Such instructions codes are docume nted. 
Additional codes perform tdenoc aily to BYPASS 
Each output ptn has its ow n 3-*ute control. 
A wane! (atcn a provided. 

Ourrng £XT£ST, input p.ns are controlled by data sn.rted m • 
tdl. 

3-suie ceils a/e not forced inactive ,n the Test-Loc.c^eset 
state. 



Table A, 8. 5 Permissions met 
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SECTION A.9 Spatial Decoder 

• 3 0 MH 7 operation 
•Decodes MPEG , JPEG & H.261 

• Coded data rates to 25 Mb/s 
' 5 -Video data rates to 21 MB/s 

• Flexible chroma sampling formats 

• Full JPEG baseline decoding 
-Glue-less DRAM interface 

• Single *5V supply 

10 ■ 208 pin PQFP package 

-Max. power dissipation 2 . 5W 

• Independent coded data and decoder clocks 

• Uses standard page mode DRAM 

The Spatial Decoder is a configurable VLSI decoder chip 

15 for use in a variety of JPEG, MPEG and H.261 picture and 
video decoding applications. 

In a minimum configuration, with no off-chip DRAM, the 
Spatial Decoder is a single chip, high speed JPEG decoder. 
Adding DRAM allows the Spatial Decoder to decode JPEG 

20 encoded video pictures. 720x480, 30Hz, 4:2:2 "JPEG video" 
can be decoded in real-time. 

With the Temporal Decoder Temporal Decoder the Spatial 
Decoder can be used to decode H.261 and MPEG (as well as 
JPEG). 704x480, 30Hz, 4:2:0 MPEG video can be decoded. 

25 Again, the above values are merely illustrative, by way 

of example and not necessarily by way of limitation, of 
typical values for one embodiment in accordance with the 
present invention. Accordingly, those of ordinary skill in 
the art will appreciate that other values and/or ranges may 

30 be used. 
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A. 9,1 Spatial Decoder Signals 



Si^nai Name 



L/O 



coded.clock 



Oescnption 



C3Ced.data(7:0] 
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c3ceo_«r:n 



coded_vaiid 



coded.aceept 



oyte.mode 
enaoie{1:0J 



addr(6:0] 



Cauf7:0| 



irq 



DRAM_aata(3l:0J 



[ Coded Oata Por w used to suoc-iy 

172.171,169.168,167,166,154, I ^ M 

coded data or tokens to me Spatial 

163 | 

Oecoder. 

See sections A_ 1 0. T ^ 
A.4,1 



j 



174 



162 



161 



176 
126, 127 



125 



136, 135, 133. 132. 131, 130, 126 



O 
I/O 



152. 151. 149. 147. 145. 143, 141, 
140 



Micro Processor interface (MPt). 
See section A.6.I 
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11 17, 19,20.22.25,27.30.31. 0RAW Interface. 
33. 35, 36. 39, 42. 44, 47, 49, 57. 
59,61,63. 66. 68. 70,72. 74,76, 
79.61,83. 84, 85 



See section A.5-2 



CrUM_addr[10:0f 

i 


O 


164,186.188.169.192,193.195. 
197.199,200,203 j 




0 


11 




j <tAS{3:Ql 


0 


2. 4, 6 t 8 




j w? 


0 


12 






0 
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j DRAM_enaeie 

1 — 


1 


112 




j out.cata(8:0| 


0 


68. 89. 90, 92. 93. 94, 9S. 97, 98 


Omnia Port. 


I out.ertn 


0 


67 




. Cw!_vaiid 


0 


99 


Seesecflon A.4.1 


. cut_acrept 


1 


100 






115 


STAG port 


1CI j | 


116 




rco 


o 


120 


See secoon KB 




t 


117 


1 


trv 


f 


121 





Tabte A.9.1 Spatial Decoder signals 
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Si$nai Nan* 


IAD 




Pin N/umfxr 


Desertion 


tf«cod€r_ciocK 


1 


177 




The mam oecoder cioc*. See section 
AJ 


reset 


1 


160 


Reset. 

, „ , 



Table A.9.1 Spatial Decoder signals (contd) 





I/O 


Pin Num. 


Description 


tphOtsh 


I 


122 


ff override « 1 men tphOish and tpfUisn are 
inputs for the on-chip rwo phase cfocK. 

for norma! operation set override ■ 0. 
tpnOisfi and tph tish are ignored (so connect 
to GNO or V 00 }. 


tphlish 


1 


123 


override 


I 


110 


chiptest 


i 


111 


Set chiptest * 0 for normal operation. 


tloop 


I 


114 


Connect to GNO or V 00 dmn$ normal 
operation. 


ramtest 


i 


109 


)f ram test * t test of trie on-cnip Rams is 
enaPted. 

Set ramtest * C for normal operation. 


pds«*ect 


i 




If pMsetect * 0 tne on-chip pnase locked 
loops are disabled. 

Set pttsefect « 1 for normal operation. 


ti 


i 


180 


Two docks required by ne OP,AM interface 
durmg test opera Don. 

Connect to GNO or V 00 dmng normal 
operation. 




i 


179 


PdOUt 


0 


207 


These two pins are connections tor an 
external fitter for the phase foe* loop. 


pdin 


i 


206 



Table A.9.2 Spatial Decoder Test signals 
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226 




122 ( DfUM.aatB, 7Q 
Spatial Decoder Pin Assignments 
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Table A. 9. 3 spatial Decoder Pin Assignments (contd, 
A. 9. l.l « nc .. no connect ping 

The pins labeled nc in Table A 9 ■? a 

iaoie a. 9. 3 are not currently 
used these pinS should be left unconnected. 
a -9. i.2 v„„ and GKD pins 

As win be appreciated by one of ordinary skill in the 
rt all the v ul; and GND pins provided should be connected 
the appropriate power supply. correct device operation 
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canno^b* ensured unless all the V ()U and GND pins are 
correctly used. 

A. 9. 1.3 Test pin connections for normal operation 

Nine pins on the Spatial Decoder are reserved for 
internal test use. 



! Ptn numbtr 

1 


Connection 


i Connect to GNO tat normal oo*raiicn 

) 


i 


Connect to V 30 for normal ooerauon 



leave Ol>en Ctrcuft ior rr.crmai oo*Wcn 



Table A, 9. 4 Default test pin connections 



A . 9 . 1 . 4 JTAG pins for normal operation 

See section A . 3 . 1 . 
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A. 9 .2 *-&patial Decoder memory map 



Addr . (hex) 


Register Name 


See taofe 


OxOO ... 0x03 


Interrupt service area 


A.9.S 


0*04 ... 0x07 


Input circuit registers 


A.9.7 


0x09 ... OtOF 


Start code detector registers 


0x10 .,.0x15 


Buffer start-up control registers 


A. 9. 8 


OH 6 ..,0x17 


Not used 




0x18... 0x23 


ORAM interface configuration registers 


A.9.9 


0x24 ... 0x26 


Buffer manager access and keyhole fegtsiers 


A.9.1C 


0x27 


Not used 




0x28 ... 0x2F 


Huffman decoder registers 


A.9.13 


0X30 ... 0x39 


inverse quantiser registers 


A.9.U 


0x3 A ... Qx3B 


Not used 




0x3C 


Reserved 




0x30 ... OxSF 


Not used 




0x40 ... Ox7F 


Test registers 





Table A.9.5 Overview of Spatial Decoder memory map 
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3ft 










fhex) 


num. 




0*00 j 


7 


chip 
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A<JCf. 
(neat) 


S« 

num. 


fl«gtst«r Name 


Page references 


0i03 


7 








6 


idet^too^many.mask 






5 


tcc«pt_taaW«_mas* 






4 


target_m«Lmask 






3 


counter_flush*d_tao_tariy_m*sk 






2 


count«f_flusn*d_mas*c 






1 








0 


huffman_m«k 





Table A. 9. 6 interrupt service area registers (contd) 
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Ad3r. 


Sft 
num. 


Register Nime 


?ag« 'eferences 


0x04 


7 


coded.busy 






6 


eneb*e_mp(Jnput 






5 


coded.txtn 






4:0 


**ot used 




CxOS 


7:0 


coded.dJU 




0x06 


7:0 


not used 


0x07 


7:0 


not used j 


1 OxCa 


7:1 


not used 






0 


s urt.eode.detecior.eccess 
also input.dreuit.access 
C£D„$CO_ACCE$S 




0x09 


7:4 


not used CEO^SCO.CONTKOl 






3 


*top_*fter_pictufe j 




2 


dtscard.eztension.deu 






\ 


discard_user_data 






0 


fgnorv.noA.etio^ned 




OxOA 


7:5 


not used CED_SCD_STATUS 






4 


insert - sequence - start 






3 


dtseard_«H_datt 






2:0 


start.code.ceercf) 





Table A.9,7 Start code detector and input circuit registers 
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Addr. 
(hex) 


3<t 
num. 


Register Name 


Page references 


0x08 


7:0 


Test register length. count 




OxOC 


7:0 






0x00 


72 


not used 






1:0 


start_code_Oeteeior_coding_sundard 




OxOE 


7:0 


$tart_v*iu« 




OxOF 


7:4 


not used 






3:0 


plcture.number 




Table A. 9.7 Start code detector and input circuit registers (contd) 


Addr. 
(ft**) 


3»t 
num. 


Register Name 


Page telerences 


0x10 


7:1 


not used 






0 


startup.tceess CED„BS_ACCESS 




0x11 


7:3 


not used 






2:0 


toit_count_pr*»cale CEO^BS^PRESCALE 




0xt2 


7:0 


bit.eount.Ufget CED_B$_ TARGET 




0x13 


7.0 


bit.count C£D_BS_COUNT 




1 "C^u 


i ™ 


not used 






0 


otfchip.quevie CED^BS^OUEUE 




0x15 


7:1 


not used 






0 


enaWe.stteem CED„BS_ENABL£„NXT_STM 



Tabte A,9-8 Buffer start-up registers 
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(hex) 


Bit 
num. 


Register Name 


Page references 


0x18 


7:5 


not used 




4:0 


page^ttart.lengtrt 

C£D. rr. pa G€„$tart„l£ng th 




0x19 


7 4 


net used 




3:0 


f«ad_eye»ej«ngtfi 




OxIA 


7:4 


not used 




3:0 


wTit«_cre*eJengtn 





Tabie A.9.9 DRAM interface configuration registers 



2)5 



Aocr 
(hex) 


an 

num. 


Register Nam* 


Page references 


0x16 


_ 7 A 
*2 — ^ _ 


no* used | — ■ 


3-0 


rtfresh.cycte.tengtn 




Ox 1C 


/ .4 


not used 




i 
i 




CASJafJing 




J 0x1 0 


7*4 


[ not used 


i 

1 




flAS Jailing 


1 


0x1 E 


/ . 1 


not used 


i 


1 0 


interface limine 




0x1F 


1 7-0 


refntsftjntervaf 




0x20 


7 


not used 




3 * 


ORAM Mfifi f «tr«nnfhr^ni 

wn^m^yar^ airvng Xrtl 1 




3:1 


CAS_strength(2;0] 




0 


RAS.strength(2] 




0x21 


7:6 


RAS_*trength{1:0] 




5:3 


OEWE_«rength{2:0| 




2:0 


ORAM.deta - str«ngtft(2:0J 




0x22 


7 


ACCISS bit for pad strength tic ?not 
used CED_ ORAM_ CONFIG UR£ 


J 


i 

r 


6 Mro.buffer* 


5 


ORAM_enaoJe i 


4 


no_refresh 








row_»ddre*s.5<ts( 1 :0] 






1:0 


DRAM_deta_w*dth( 1 ; 0 J 




0x23 7:0 


Test registers C£D_PlX_RES_CONFlG 




Table 


9 DRAM interface configuration registers 


(contd) 


Addr. 
(hex) 


Brt 
num. 


Register Name 


Page references 


0x24 


7:1 i 


iot used 






0 t 


>uffer_mara9er_ecce« 




0x25 


7:6 r 


iot used 






5.0 fa 


uff«r_m»na9er_k«yhoi«_addfe*s 




°*26 j 7:0 o 


ut*er_manag«r_keyno^_data 





Tabte A.9.10 Buffer manager access and keyhole registers 
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Acor. 
(n«x) 


Bit 
num. 




Pa$« references 


0x00 


7:0 


not used 




0x01 


in 








1:0 


edO.bese 




0x02 


7:0 






0x03 


7:0 






0x04 


7:0 


not used 




0x05 


7:2 








1:0 


cdb.tengtti 




0x06 


7:0 






0x07 


7:0 






0x08 


7:0 


not used 


I 


0x09 


7:0 


cdo_r«ad 




OxOA 


7:0 






OxOS 


7:0 






OxOC 


7:0 


not used 




OxOD 


7.-0 


cdb_numb«f 




oxoe 


7:0 






OxOF 


7:0 






OxlO 


7:0 


not used 


— , 


Oxtl 


7:0 


tfi_5ase 


— • 


0x12 


7:0 






0x13 


7$ 






0X14 


710 


not used 




0x15 


7:0 






0x16 


7:0 






0x17 


7:0 






0x16 


7:0 


not used 




- 0x19 


7:0 


tt.reed 




OxIA 


7:0 






0x18 


7:0 






OxlC 


7:0 


not used 




0x10 


7:0 


tb_num6er 




OxlE 


7:0 






OxlP 


7:0 







Tabte A.9.11 Buffer manager extended address space 
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«*8*t 
num. 


Register Nan* 


Page references 


0x20 


7:0 


not used I 


0x21 


7:0 


butter Jimit 




0x22 


7:0 


0x23 


7:0 


0r24 


7:4 


not used 




3 


cdbjutl 




2 


edb.empty 




1 


tbjull 




0 


tb.empty 





Tabie A.9.11 Buffer manager extended address space (contd) 



Addr, 


Bit 


Register Name 


Page references 


(hex) 


num. 






0x28 


7 


demux.accee* CEO„H^CTRL[7J 






6:4 


hurtm*n_etTor_cod«;2:Ql CED,H^CTRL(€:4l 


• I 




3:0 


privtte huff men control brts (3) selects special 
CBP, [2] selects 4/e bit fixed length CSP 




0x29 


7:0 


persef.etTor.code CED_H_OMUX_ERR 


0x2A 


7:4 


not used 




3:0 


Oemuxjteyno4e_address 




0x28 


7:0 


CfO.H. KEYHOL£_ADDR 




0x2C 


7.-0 


dernux _keyfto*_d*ta CED_ H_ KEYHOL E 




0x20 


7 


dummy.iest^caire CED_H_ALU_REG0 t 






6 


field Jrrfo CEO„H_ALU_REGQ, /_/7e/d_rnro_0'f 






5:1 


not used 






0 


continue CED^H_ALU„REG0. t_contjnue_5it 




0X2E 


7:0 


rom.revieion CED„H_ALU_REG 1 




0X2F 


7:0 


pnvete register 





TabteA.9.12 Video demux registers 
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j Acer. 


Bn 






J 


num. 


Register Name 


Page references 


Ox2f 


7 


CED.H.TRACE.EVENT write 1 to single siep. one 
will 5e read when the step has been completed 






6 


CED_H JTRACE.MASK set to one to enter angfe 
step mode 






S 


CEO.M_TRACE.RST partiai reset when sequenced 

1.0 






4:0 


not used 





Table A. 9. 12 video demux registers (contd) 
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A«f. 
(n«x) 


Bit 
num. 






CxOO 
OxOF 


7:0 


not used 




0x10 


7:0 


horix_p*is r_hora_peis 




Oati i 


7:0 


0x12 


7:0 






0x13 


7:0 


! CxU 

| 


7:2 


not used 




1:0 


buff e resize r_bufltr_$iz* 




i CxiS 

1 


7:0 


j 0x16 

I 


7:4 


not used 




3:0 


peL»»P*ct r_peL*spect 




0x17 


72 


not used 




1:0 


bit.rate /io<-/a/e 




cxia 


7:0 


0X19 


7:0 


CxIA 


7:4 


not used 




3:0 






0x18 


7:1 


not used 




0 


constrained r^constrwmed 




CxiC 


7:0 


picture.type 






7.0 


h261 _p'c_type ' 





Table A.9.13 Video demux extended address space (Sheet 1 of 8) 



240 



Act3r. 
(hex) 


S* 
num. 


Kegtster Nam* 


Page references 


OnE 


7:2 


not used | 


1:0 


broken.ciosed 




OxlF 


7;S 


not used 




4:0 


predict on_mode j 


0x20 


7:0 


vbv_detay 




0x21 


7:0 


0x22 


7:0 


private register MPEG fuiLpel.rwd, JPEG 
per^ing^frame .change 




0x23 


7:0 


private register MPEG fufl_peLbwd, JPEG 
restartjndex 




0x24 


7:0 


private register horu.mb.copy | 


0x25 


7:0 


ple.number 




0x26 


7:1 


not used 




t:0 


max.h 




0x27 


7:1 


not used 




1:0 


max.v 




J 0x28 


7.-0 


pnvate register scratch \ 




t 


7:0 


pnvate register scratch2 




0x2A 


7:0 


pnvate register scratch^ J 


0X28 


7:0 


Nf MPEG unused 1. H261 ingob 




0x2C 


7*0 


private register MPEG ftrstjroup. JPEG ftrst.scan 






7-0 


pnvate register MPEG rn_pic&ire 






7 


dummy_t»st .picture r^nsm ^control 




£ 

w 


fieWJnfo | 




not used | 




continue 




0x2F 


7:0 


rom.rcvteton 




0x30 


7-2 


not used 




1:0 


de.huff.o 




0x31 


72 


not used 


1 
l 


1:0 


dejwtfj 




0x32 


72 


not used 




1:0 


dc_hutt_2 





Tatiie A.9.13 Video demux extended address space (Sheet 2 oi 8) 



241 





(nex) 


Brt 
num. 


Regsief Name 


Page reference 




72 


not used | — 


i 


1:0 


de_huff_3 j " 


0x34 


72 


not used 




1:0 


ac_huff_0 j 


0x35 


72 


not used 




1:0 


ac.ftuff.1 




1 


• 0x36 

i 


72 


not used 




1:0 


*c.huTf_2 i 


I 


* 0x37 

t 
j 


72 


not used 




1:0 


*c_hutf_3 




I 

1 


! 0x38 

t 

| 


72 


not used 




1:0 








j 0x39 


72 


not used 




i 






1:0 


tq_1 rjq_ 1 




0x3A 


72 


not used 






1:0 






0x39 


72 


not used j 




1:0 


r_/<L3 j 




Cx3C 


7:0 


component_n«me_0 /_c_0 


i 


0x30 


7:0 


compor>ent_n*n>e_1 /^ c .r 




0x36 


7.-0 


compOT>em_name_2 /_c_P j 




0x3F 


7:0 


component _n*me_3 r.c.3 


0x40 
0x63 


7:0 


pnvate registers 




0x40 

0X41 


7.-0 
7:0 


f_bc_pred_0 

I 


0x42 
0x43 


7.-0 
7:0 


f-OC^pred.l 






0X44 

0x45 


7:0 
7.-0 


f.dc_pred_2 


i 

i 




0x46 


7:0 


r_dc - pred - 3 


I 






0x47 J 7:0 










0x46 

0X4? 


7:0 


not used 


! 

! 
i 

i 

1 





TaoJe A.9.13 Video demux extended address space (Sheet 3 of 8) 
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ACCr. 
i (hex) 


8* 
num. 


Regster Name 


Page references 


' 0x50 


7:0 


f __prev_mhf 




Cx5! 


7:0 




0x52 


7:0 






. Cx53 


7.-0 




! Cx$4 

i 


7:0 


r_pfev_mftb 




0x55 


7:0 




0x56 


7:0 


r_prev_mvt> 




0x57 


7:0 




0x58 
OxSP 


7:0 


not used 




0x60 


7:0 


r.honz.mbcnt 




0x61 


7:0 




0x62 


7:0 


f_vert_mtocnt 




0x63 


7:0 




0x64 


7:0 


hori2_m*cfoDlocks r_horiz_mns 




! 0x55 


7:0 




| 0x66 

1 


7:0 


v«rt_macro blocks rj**njmtos 




! 0x57 


7:0 






Cxsd 


7:0 


pnvaie register r_restart_cnt 




0x69 


7:0 






0x6A 


7.-0 


resiartjnierval r_restarUnt 




0x68 


7:0 






0x6C 


7:0 


prtvmte register r_bik_h_cnt 


0x60 


7:0 


pnvate register r_b*»<_v_cnt 


0x6c 


7:0 


pfTv»(« register r.comoid 


i 


0x6 F 


7:0 


max.componcntjd r_max_eomp«d 


1 
i 


0x70 


7:0 


coding_standanS r_codtng_std 


j 


1 0x71 

1 


7:0 


private register r_paflem 


i 
i 


j 0x72 


7:0 


private register rjwd_r_size 




0x73 


7:0 


private register r.bwd.r^size 1 


0x74 
j Ct77 


7:0 


not used 




0x78 


7-2 


not used 




1:0 


Mocfcs Ji.O f.Wk.h.O 
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f^ex) 


8<t 
num. 


Re$ts*er Name 


Pag* references I 


j 0x79 

I 

t 


7'2 


not used | 1 


1:0 | bloc*s_h_l r_bik_h_l I 


! 0x7A 


| 72 


not used 




1:0 


btocks_h_2 r_o*k_h_2 




0x73 


72 


not used 


i 


1:0 


biocks_h_3 f_bik_h_3 




— 


0x7C 


72 


not used 




1:0 


biocks_v_o '_ttk_v_o 






0x7D 


72 


not used 

— . — 




i 


1:0 


blecks_v_l r_btk_v_i 




- 


0x7= 


72 


not used 






i .u 


DtOCfcS_v_2 f_blk_v_2 






Ox7F 

1 


72 


not used 






1:0 


blocks_v_3 r blk v 3 






Cx7F 
OxFF 


7:0 


not used 






Cxi 00 

Orl OF 


7:0 


dc.bits .0(15:0] CE0_H_KEy.OC.CP80 






Ox:;o 
Ox11F 


7:0 


dcjms_1(1S:0] CED.H_K£Y_DC_CP81 


j 


0x120 
Ox13F 


7.13 


not trsed 






0x140 
Ox14F 


7:0 


ac.bits_0(15:0J CED_H_ KEY. AC.CPB0 




OxlSO 
0x15? 


7$ 


ae_bits_1(l5:0] CED_H_KEY.AC.CP81 




0xt60 
0X17F 


7:0 


not used 


i 


0x180 J 7.0 


dc.zssss.O C£D_H_KEY._SSSSJNOEXO 




Cx181 | 7:0 


dc.asss.1 CED_H_K£Y_ZS$SSJN0€X1 




0x182 
Ox 157 


7:0 


not used 


1 
1 




0x188 


7:0 


ac.eoo.O CED_H_K£Y_E06 JNOEX0 j | 



Table A.9.13 Video demux extended address space (Sheet 5 of 8) 



244 



A<3df. 


84 

num. 


Register Name 




Or 189 7:0 


«c.«ob_1 CE0_H_K£Y_EO6 JNOEXt 




j OxieA 
| 0x188 


7:0 


not used 




QxlSC 


7:0 


•c.zrl.O CED.H.KEY.ZRLJNOEXO 




0x180 


7:0 


te.zrf.t CE0.HJ<SY_ZRIJN0EX1 




Ox J8£ 
CxlFF 


7:0 


not used 




0x200 
0x2AF 


7:0 


ac,huflVaLO( 1 6 1 :0 J C60.H _KSY_AC JTO0J3 




0x290 
0x2SF 


7:0 


dc„huftv*l.0[11 :0J CED.H.KSY _0C JTOO.O 




0x2C0 
Ox2FF 


7;Q 


not used 




0x300 
0x3AF 


7:0 


ac Ju/ffvaljl (161:0] CEO.H.KE Y.AC JTOO. 1 


| 

I 


0x330 
0x38F 


7:0 


dc.ntrtfvai.l (11:0} CEO.H.KEY.OCJTOO, \ 




Qx3C0 
0x7FF 


7.0 


not used 




0x600 
OxAC 
F 


7:0 


private registers 




0x800 
0x80F 


7:0 


CED_KEY_TCOSFF_CP8 




0x810 
0x81 F 


7:0 


CED.KEY.C8P.CP8 




0x820 
Cxfl2F 


7:0 


CE0.KEY.M8A_CP3 




0i830 
0xS3F 


7:0 


CEO.KEY.MVO.CPB 


f 


0x640 


7:0 


CEO.KEY.WTYPEJ.CPS 





Table A.9.13 Video demux extended address space (Sheet 6 of 8) 
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Addr. 
" (nex) 


8* 
num. 


Register Name 


?a^e references 

! 


OXAC 

a 


7:0 


CED.KEY.DMX.WORO.a 


t 


OxAC 
9 


7:0 


CcD_K£Y_CMX_W0RD-9 




OxAC 
A 

OxAC 
S 


7:0 


not used 




OxAC 
C 


7:0 


CEO KEY OMX AINCR 




OxAC 
0 


7:0 




OxAC 
E 


7:0 


CEO.KEY.OMX.CC J 


OxAC 
F 


7:0 


| ! 

1 ! 



Table A.9.13 Video demux extended address space (Sheet 3 of 8) 



AOdf. 

(h«x) 


Bit 
num. 


Register Name 


Page references 




7:1 


not used | 


0x30 


7:1 


not used 


i 


0 


Iq_access 




0x31 


7:2 


not used 




1:0 


iq_coding_standard | 


0x32 


7:5 


not used 




4:0 


test tapster tq_seale 




0x33 


ia 


not used | 


i.-o 


(est remoter iq_comoon«nt 




0x34 


I'Z 


not used 




1:0 


test register inverse_quantiser_pr«diction.mode 


i 


0x35 


7:0 


test register |pe£_indtnectlon 


i 



Table A.9.14 Inverse quantiser registers 
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Addr 

(hex) 


Bit 
num. 


Register Name 


Pa*e references j 

i 


0x36 


72 


not used | i 




1:0 


test register mpegjnairecuon j | 


0x37 


7:0 


not used 


I 


0x38 


7:0 


iq-ta&i«_ keyhole, address 


j 


0x39 


7:0 


lq_u6t«Jteyfioi«_da« 





Table A. 9 .14 Inverse quantizer registers (contd) 



AdCf. 




I j 


(nex) 


Register Narre 


j Fa;e refererces | 


0xOO:Ox3F 


JPEG Inverse quantisation taoie 0 
MPEG default intra table 


I 
I 
i 


Ox40:Ox7F 


JPEG Inverse quantisation table 1 
MPEG default non-intra table 


i 

I 

i 
i 


Ox3O:0xSF 


JPEG inverse quantisation taote 2 
MPEG downloaded inya tabie 


i 

| 

i 
i 

i 


OxCO.OxFF 


JPEG inverse cuancsaoon table 3 
MPEG down-loaded non-mtra table 


1 

i 

1 



Table A. 9. 15 Iq table extended address space 
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SECTION A, 10 Coded data input 

The system in accordance with the present invention, 
must know what video standard is being input for 
processing. Thereafter, the system can accept either pre- 
. - 5 existing Tokens or raw byte data which is then placed into 
Tokens by the Start Code Detector. 

Consequently, coded data and configuration Tokens can be 
supplied to the Spatial Decoder via two routes: 
• The coded data input port 
10 -The microprocessor interface (MPI) 

The choice over which route (s) to use will depend upon 
the application and system environment. For example, at 
low data rates it might be possible to use a single 
microprocessor to both control the decoder chip-set and to 
15 do the system bitstream de-multiplexing. In this case, it 
may be possible to do the coded data input via the MPI. 
Alternatively, a high coded data rate might require that 
coded data be supplied via the coded data port. 

In some applications it may be appropriate to employee a 
20 mixture of MPI and coded data port input. 



A*10,k- Xhe coded data port 
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SignaJ Name 


Input/ 
Output 


Description 


coded.clock 


Input 


A ctocK operating at up to 30 MHz controlling re 
operation ot the tnput circuit. 


cod«d_data(7:0) 


input 


The stantitrti 1 1 wires required io implement a 
Token Port transferring 8 bit data values. See seczon 
A.4 (or an electrical descnpoon of :nis 
interface. 

Circuits off-chtp must pacKage :r.e codec ca:a ino 
Tokens. 


coded.extn 


Input 


coded.vufd 


Input 


coded.accept 


Output 


byte.mode 


input 


When high this signal indicates that mfonmatton is ;o 
Oe trans/erred across the coded data port m *ye 
mode rather than Token mode. 



Table A. 10.1 Coded data port signals 
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Thes-coded data port in accordance with the present 
invention, can be operated in two modes: Token node and 
byte mode, 

A. 10. l.i Token mode 

In the present invention, if byte_mode is low, then the 
coded data port operates as a Token Port in the normal way 
and accepts Tokens under the control of coded_valid and 
coded_accept . See section A. 4 for details of the 
electrical operation of this interface. 

The signal byte_mode is sampled at the same time as data 
[7:0], coded_extn and coded_valid / i.e., on the rising edge 
of coded_clock. 
A. 10. 1.2 Byte mode 

If, however, byte_mode is high, then a byte of data is 
transferred on data[7:0] under the control of the two wire 
interface control signals coded_valid and coded_accept . In 
this case, coded_extn is ignored. The bytes are 
subsequently assembled on-chip into DATA Tokens until the 
input mode is changed, 

1) First word ("Head") of Token supplied in token mode. 

2) Last word of Token supplied (coded_extn goes low). 

3) First byte of data supplied in byte mode. A new 
DATA Token is automatically created on-chip. 

A. 10.2 Supplying data via the MP I 

Tokens can be supplied to the Spatial decoder via the 
MPI by accessing the coded data input registers. 
A . 10. 2.1 Writing Tokens via the MPI 

. The coded data registers of the present invention are 
grouped into two bytes in the memory map to allow for 
efficient data transfer. The 8 data bits, coded_data * 7 : 0 ; , 
are in one location and the control registers, coded_busy, 
enable_mpi_mput and coded^extn are in a second location. 
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(See Table A.9.7). 

When configured for Token input via the MPI, the current 
Token is extended with the current value of coded_extn each time a 
5 value is written into coded__data[7:0]. Software is responsible for 
setting coded_extn to 0 before the last word of any Token is written to 
coded__data[7:0]. 

For example, a DATA Token is started by writing 1 into 
coded_extn and then 0x04 into coded_data[7:0]. The start of this new 
10 DATA Token then passes into the Spatial Decoder for processing. 

Each time a new 8 bit value is written to coded_data[7:0], the 
current Token is extended. Coded__extn need only be accessed again 
when terminating the current Token, e.g. to introduce another Token. 
The last word of the current Token is indicated by writing 0 to 
15 coded_extn followed by writing the last word of the current Token into 
coded_data[7:0]. 



Register name 


Size\Di 
r. 


Reset 
State 


Description 


coded_extn 


1 

rw 


X 


Tokens can be supplied to the Spatial Decoder 
via the MPI by writing to these registers. 


coded_data[7;0] 


8 
w 


X 




coded_busy 


1 

r 


1 


The state of this registers indicates if the Spatial 
Decoder is able to accept Tokens written into 
coded_data [7:0]. 

The value 1 indicates that the interface is busy and 
unable to accept data. Behaviour is undefined if the 
user tries to write to coded_data [7:0] when 
coded_busy = 1 . 


enabfejnpi-input 


1 

rw 


0 


The value in this function enable registers 
controls whether coded data input to the Spatial 
Decoder is via the coded data port (0) or via the MPI 



Table A. 10.2 Coded data input registers 
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Each time before writing to coded_data[7:0], coded_busy should be 
inspected to see if the interface is ready to accept more data. 

A-10-3 Switching between input modes 

Provided suitable precautions are observed, it is possible to 
dynamically change the data input mode. In general, the transfer of a Token 
via any one route should be completed before switching modes. 



Previous Mode 


Next Mode 


Behaviour 


Byte 


Token 


The on-chip circuitry will use the last byte supplied in 
byte mode as the last byte of the DATA Token that it 
was constructing (i.e. the extn bit will be set to 0). 
Before accepting the next token. 


MPl input 



Table A. 10.3 Switching data input modes 
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Previous Mode 


Next Mode 


Behaviour 


Token 


Byte 


The off-chip circuitry supplying the Token in Token 
mode is responsible for completing the Token (i.e. with 
the extn bit of the last byte of information set to 0) 
before selecting byte mode. 


MP! input 


Access to input via the MPI will not be granted (i.e. 
coded_busy will remain set to 1) until the off-chip 
circuitry supplying the Token in Token mode has 
completed the Token (i.e. with the extn bit of the last 
byte of information set to 0). 


MPI input 


Byte 


The control software must have completed the Token 
(i.e. with the extn bit of the last byte of information set to 
0) before enable_mpi_input j s set to 0. 


MPI input 



Table A.10.3 Switching data input modes (contd) 



The first byte supplied in byte mode causes a DATA Token 
header to be generated on-chip. Any further bytes transferred in 
byte mode are thereafter appended to this DATA Token until the 
5 input mode changes. Recall, DATA Tokens can contain as many 
bits as are necessary. 

The MPI register bit, coded busy, and the signal, coded_accept, 
indicate on which interface the Spatial decoder is willing to accept 
data. Correct observation of these signals ensures that no data is 
10 lost. 

A. 10. 4 Rate of accepting coded data 

In the present invention, the input circuit passes Tokens to the 
Start Code Detector (see section A.1 1). The Start code Detector 
analyses data in the DATA Tokens bit serially. The Detector's 
15 normal rate of 
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proceafiiag is one bit per clock cycle (of coded_clock) . 
Accordingly, it will typically decode a byte of coded data 
every 8 cycles of coded_clock. However, extra processing 
cycles are occasionally required, e.g., when a non-DATA 
5 Token is supplied or when a start code is encountered in 
the coded data. When such an event occurs, the Start Code 
Detector will, for a short time, be unable to accept more 
information . 

After the Start Code Detector, data passes into a first 
10 logical coded data buffer. If this buffer fills, then the 
Start Code Detector will be unable to accept more 
information . 

Consequently, no more coded data (or other Tokens) will 
be accepted on either the coded data port, or via the MPI, 

15 while the Start Code Detector is unable to accept more 

information. This will be indicated by the state of the 
signal coded_accept and the register coded busy. 

By using coded_accept and/or coded_busy , the user is 
guaranteed that no coded information will be lost. 

20 However, as will be appreciated by one of ordinary skill in 
the art, the system must either be able to buffer newly 
arriving coded data (or stop new data for arriving) if the 
Spatial decoder is unable to accept data. 
A. 10.5 Coded data clock 

25 In accordance with the present invention, the coded data 

port, the input circuit and other functions in the Spatial 
Decoder are controlled by coded_clock> Furthermore, this 
clock can be asynchronous to the main decoder_clock . Data 
transfer is synchronized to decoder clock on-chip. 
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SECTION A.11 Start code detector 
A.11-1 Start codes 

As is well known in the art, MPEG and H.261 coded video 
streams contain identifiable bit patterns called start codes. A 
similar function is served in JPEG by marker codes. 
Start/marker codes identify significant parts of the syntax of the 
coded data stream. The analysis of start/marker codes 
performed by the Start Code Detector is the first stage in parsing 
the coded data. The Start Code Detector is the first block on the 
Spatial Decoder following the input circuit. 

The start/marker code patterns are designed so that they 
can be identified without decoding the entire bitstream. Thus, 
they can be used in accordance with the present invention, to 
help with error recovery and decoder start-up. The Start Code 
Detector provides facilities to detect errors in the coded data 
construction and to assist the start-up of the decoder. 

A-1 1 .2 Start code detector registers 

As previously discussed, many of the Start Code Detector 
registers are in constant use by the Start Code Detector. So, 
accessing these registers will be unreliable if the Start Code 
Detector is processing data. The user is responsible for ensuring 
that the Start Code Detector is halted before accessing its 
registers. 

The register start_code_detector_access is used to halt 
the Start Code Detector and so allow access to its registers. 
The Start Code Detector will halt after it generates an interrupt. 

There are further constraints on when the start code 
search and discard all data modes can be initiated. These are 
described in A.11.8 and A.1 1.5.1. 
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Register name 


Size/Dir. 


Reset State 


Description 


start__code_detector_access 


1 

rw 


0 


Writing 1 to this register requests that the start 
code detector stop to allow access to its registers. 
The user should wait until the value 1 can be read 
from this register indicating that operation has 
stopped and access is possible. 



Table A.1 1 .1 Start code detector 
Registers (Sheet 1 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 


illega!Jength_count_event 


1 

rw 


0 


An illegal length count event will occur if 
while decoding JPEG data, a length count 
field is found carrying a value less than 2. 
This should only occur as the result of an 
error in the JPEG data. 

If the mask register is set to 1 then an 

intorrunt rem hp npnpratPfi and ths Start 

code detector will stop. Behaviour 
following an error is not predictable if this 
error is suppressed (mask register set to 
0). See A. 11. 4.1. 


illegaMength_count_mask 


1 

rw 


0 


jpeg_overlapping_start_event 


1 

rw 


0 


If the coding standard is JPEG and the 
sequence OxFF OxFF is found while 
looking for a marker code this event will 

OCCUf. 1 nib ocqucflLrt; « icycn oiuinuy 

sequence. If the mask register is set to 1 
then an interrupt can be generated and the 
start code detector will stop. See 
A.11.4.2. 


inpn nv/prlanninn ^tart mask 


1 

rw 


0 


overlapping_start_event 


1 

rw 


0 


If the coding standard is MPEG or H.261 
and an overlapping start code is found 
while looking for a start code this event will 


uveriapping starL_rnasK 


1 

rw 


0 


occur, if the mask register is set to 1 then 
an interrupt can be generated and the start 
code detector will stop. 

See A.11.4.2 . 



Table A.11.1 Start code detector Registers (Sheet 2 of 5) 
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Register Name 


Size/Dir. 


Reset 
State 


Description 


u n recog n ised_sta rt_e vent 


1 

rw 


0 


If an unrecognised start code is 
encountered this event will occur. If the 
mask register is set to 1 then an interrupt 
can be generated and the start code 
detector will stop. 

The start code value read from the 
bitstream is available in the register 
start_value while the start code detector 
is halted. See A. 11 .4.3 

During normal operation start_vaiue 
contains the value of the most recently 
decoded start/marker code. 

Only the 4 LSBs of start_value are used 
during H.261 operation. The 4 MSBs will 
be zero. 


u n recog n ised_start_jm as k 


1 

rw 


0 


start_value 


8 
ro 


X 


stop_after_picture_event 


1 

rw 


0 


If the register stop_after_picture is set to 
1 then a stop after picture event will be 
generated after the end of a picture has 
passed through the start code detector. 


stop_after_picture_mask 


1 

rw 


0 


stop_after_picture 


1 

rw 


0 


If the mask register is set to 1 then an 
interrupt can be generated and the start 
code detector will stop. See A.1 1.5.1 
stop_after_picture does not reset to 0 
after the end of a picture has been 
detected so should be cleared directly. 



Table A.1 1.1 Start code detector Registers (Sheet 3 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 


non_aligned_start_event 


1 

rw 


0 


When ignore_non_aligned is set to 1, start 
codes that are not byte aligned are ignored 
(treated as normal data) 

When ignore_non_aligned is set to 0, H.261 
and MPEG start codes will be detected 
regardless of byte alignment and the non- 
aligned start event will be generated. If the 
mask register is set to 1 then the event will 
cause an interrupt and the start code 
detector will stop. See A.1 1 .6. 

If the coding standard is configured as 
JPEG lgnore_non_aligned is ignored and 
the non-aligned start event will never be 
generated. 


non_aligned_start_mask 


1 

rw 


0 


lgnore_non_aligned 


1 

rw 


0 


U lOOCll U "A LCI I OIL/ 1 1 U d la 


1 

rw 


0 


When these registers are set to 1 extension 
or user data that cannot be decoded by the 
Spatial Decoder is discarded by the start 
code detector. See A. 11 .3.3. 


discard_user_data 


1 

rw 


0 


discard_all_data 


1 

rw 


0 


When set to 1 all data and Tokens are 
discarded by the start code detector. This 
continues until a FLUSH Token is supplied 
or the register is set to 0 directly. 

The FLUSH Token that resets this register 
is discarded and not output by the start 


lnsert_sequence_start 


1 

rw 




See A.1 1.7 


Table A. 11.1 Start code de 


tector F 


Registers (Sheet 4 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 


start_code_search 


3 

rw 


5 


When this register is set to 0 the start 
code detector operates normally. When 
set to a higher value the start code 

USieClUI UlbOcHUo Udld U 1 1 LI I LI Ic ofJCL/lllcu 

type of start code is detected. When the 
specified start code is detected the 
register is set to 0 and normal operation 
follows. See A. 11. 8 . 


start_code_detector_coding_standard 


2 
rw 


0 


This register configures the coding 
standard used by the start code detector. 
The register can be loaded directly or by 
using a CODING_STANDARD Token. 

Whenever the start code detector 
generates a CODING_STANDARD 

Token (see A. 11.7.4 on page 109) it 
carries its current coding standard 
configuration. This Token will then 
configure the coding standard used by all 
other parts of the decoder chip-set. See 
A.21.1 on page 180 and A.11.7. 


picture__number 


4 
rw 


0 


Each time the start coded detector 
detects a picture start code in the data 
stream (or the H.261 or JPEG 
equivalent) a 

PICTURE_START Token is generated 
which carries the current value of 
picture_number. This register then 
increments. 


Table A, 11.1 Start code deted 


or Registers (Sheet 5 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 


length_count 


16 


0 


This register contains the current value of the 




rO 




JPEG length count. This register is modified 






under the control of the coded data clock and 
should only be read via the MPI when the 
start code detector is stopped. 



Table A.l 1 .2 Start code detector test registers 



A. 11. 3 Conversion of start codes to Tokens 

In normal operation the function of the Start Code 
Detector is to identify start codes in the data stream and to then 
convert them to the appropriate start code Token. In the 
5 simplest case, data is supplied to the Start code Detector in a 
single long DATA Token. The output of the Start Code Detector 
is a number of shorter DATA Tokens interleaved with start code 
Tokens. 

Alternatively, in accordance with the present invention, 
10 the input data to the Start Code Detector could be divided up 
into a number of shorter DATA Tokens. There is no restriction 
on how the coded data is divided into DATA Tokens other than 
that each DATA Token must contain 8 x n bits where n is an 
integer. 

15 Other Tokens can be supplied directly to the input of the Start 
Code Detector. In this case, the Tokens are passed through 
the Start Code Detector with no processing 
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to oth^rr stages of the Spatial Decoder. These Tokens can 
only be inserted just before the location of a start code 
in the coded data. 
A. 11. 3.1 start code formats 

Three different start code formats are recognized by the 
Start Code Detector of the present invention. This is 
configured via the register, 
start_code_detector_coding_standard. 



10 



15 



Coding Standard 


Start Cod« Pattern (hex) 


Sizn at san cede vaiu* i 


MP£G 


0x00 0x00 0x01 <vafej«> | 


8 bit 


JPEG | 


OxFF <vaiue> 


6 bit 


H.261 | 


0x00 0x01 <vaiue> | 


4 bit 



Table A. 11.3 start code formats 
A. n.3.2 Start code Token equivalents 

Having detected a start code, the Start Code Detector 
studies the value associated with the start code and 
generates an appropriate Token. In general, the Tokens are 
named after the relevant MPEG syntax. However, one of 
ordinary skill in the art will appreciate that the Tokens 
can follow additional naming formats. The coding standard 
currently selected configures the relationship between 
start code value and the Token generated. This 
relationship is shown in Table A. 11.4. 
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i 

Start cza 7c*en -snerateo 

t 


Sun Coce Vaiue 


MPEG 
(htx) 


j ! 


PICTURE.START 0 xOO | OxCO , CxO, ] 


SLICE.START* 


0x01 to 
OxAF 


0x01 ro 
CxCC 


OxCO ;o j SS7 3 ; 3 
0x07 1 =57, 


SEQUENCE.START 


0x63 | oxca i soi 


SEQUENCE.END G xS7 j 


0xC9 ; ICl , 


GROUP_START 0 xsa 


o*co j SCF 0 > | 


USER.DATA 


0x82 




Ox£0 to 1 APP 0 io j 

i 

OxEr j APP, j 
CxPz | COM 


EXTENSION.DATA 


0x85 


1 

! 


oxca > jpg 

1 

OxrO to j JPG, :o 
OxFO j JPG 0 

0xC2 to j P£3 

I i 

i 

0x9 F 1 : 
0xC1 to 3CF. :o 

! 

OxCS SCF n | 
OxCC | OAC j 


DHT.MARKER 




j 0xC4 | OHT 1 


ONL.MARKER | 


| OxOC j CNL 


DQT.MARKER 


! 0x03 j COT 


DRI.MARKER 




J OxOO j ORf 



Table A. 11. 4 . Tokens from start code values 

This Token contains an 8 bit data field which is 
loaded with a value determined by the start code 
value . 



b. Indicates start of baseline DCT encoded data. 
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A. 11. 4^3^ Extended features of tire' coding standards 

The coding standards provide a number of mechanisms to 
allow data to be embedded in the data stream whose use is 
not currently defined by the coding standard. This might 
be application specific "user data" that provides extra 
facilities for a particular manufacturer. Alternatively, 
it might be "extension data". The coding standards 
authorities reserved the right to use the extension data to 
add features to the coding standard in the future. 

Two distinct mechanisms are employed. JPEG precedes 
blocks of user and extension data with marker codes. 
However, H.261 inserts "extra information" indicated by an 
extra information bit in the coded data. MPEG can use both 
these techniques. 

In accordance with the present invention, MPEG/JPEG 
blocks of user and extension data preceded by start/marker 
codes can be detected by the Start Code Detector. 
H.261/MPEG "extra information" is detected by the Huffman 
decoder of the present invention. See A. 14.7, "Receiving 
Extra Information" . 

The registers, discard_extension_data and 
discard_user_data, allow the Start Code Detector to be 
configured to discard user data and extension data. If 
this data is not discarded at the Start Code Detector it 
can be accessed when it reaches the Video Demux see A. 14.6, 
"Receiving User and Extension data". 

The Spatial Decoder of the present invention supports 
the baseline features of JPEG. The non-baseline features 
of JPEG are viewed as extension data by the Spatial 
Decoder. So, all JPEG marker codes that precede data for 
non-baseline JPEG are treated as extension data. 
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A. 11.3.4 JPBO Table definitions 

JPEG supports down loaded Huffman and quantizer tables* 
In JPEG data, the definition of these tables is preceded by 
the marker codes DNL and DQT. The Start Code Detector 
generates the Tokens DHT_MARKER and DQT_MARKER when these 
marker codes are detected. These Tokens indicate to the 
Video Demux that the DATA Token which follows contains 
coded data describing Huffman or quantizer table (using the 
formats described in JPEG) . 
A. 11. 4 Error detection 

The Start Code Detector can detect certain errors in the 
coded data and provides some facilities to allow the 
decoder to recover after an error is detected (see A.11.&, 
"Start code searching"). 
A. 11.4.1 Illegal JPEG length count 

Most JPEG marker codes have a 16 bit length count field 
associated with them. This field indicates how much data 
is associated with this marker code. Length counts of 0 
and 1 are illegal. An illegal length should only occur 
following a data error. In the present invention, this 
will generate an interrupt if illegal_length_count_mask is 
set to 1. 

Recovery from errors in JPEG data is likely to require 
additional application specific data due to the difficulty 
of searching for start codes in JPEG data (see A. 11. 8.1). 
A. 11.4.2 Overlapping start /marker codes 

In the present invention, overlapping start codes should 
only occur following a data error. An MPEG, byte aligned, 
overlapping start code is illustrated in Figure 64. Here, 
the Start Code Detector -first sees a pattern that looks 
like a picture start code. Next the Start Code Detector 
sees that this picture start code is overlapped with a 
group start. Accordingly, the Start Code Detector 



generates a overlapping start event. Furthermore, the 
Start Code Detector will generate an interrupt and £top if 
overlapping_start_mask is set to l. 

It is impossible to tell which of the two start codes is 
the correct one and which was caused by a data error. 
However, the Start Code Detector in accordance with the 
present invention, discards the first start code and will 
proceed decoding the second start code "as if it is 
correct" after the overlapping start- code event has been 
serviced. If there are a series of overlapped start codes, 
the Start Code Detector will discard all but the last 
(generating an event for each overlapping start code) . 

Similar errors are possible in non byte-aligned systems 
(H.261 or possibly MPEG). In this case, the state of 
ignore_non_aligned must also be considered. Figure 65 
illustrates an example where the first start code found is 
byte aligned, but it overlaps a non-aligned start code. If 
ignore_non_aligned is set to 1, then the second overlapping 
start code will be treated as data by the Start Code 
Detector and, therefore no overlapping start code event 
will occur. This conceals a possible data communications 
error. If ignore_non_aligned is set to 0, however the 
Start Code Detector will see the second, non aligned, start 
code and will see that it overlaps the first start code. 
A. 11 . 4 . 3 Unrecognised start codes 

The Start Code Detector can generate an interrupt when 
an unrecognized start code is detected (if 

unrecognized_start_mask = i) . The value of the start code 
that caused this interrupt can be read from the register 
start_value . 

The start code value 0xB4 (sequence error) is used in 
MPEG decoder systems to indicate a channel or media error. 
For example, this start code may be inserted into the data 
by an ECC circuit if it detects an error that it was unable 
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to cosxect. 

A. 11.4. 4 Sequence of event generation 

In the present invention, certain coded data patterns 
(probably indicating an error condition) will cause more 
- 5 than one of the above error conditions to occur within a 
short space of time, Consequently, the sequence in which 
the Start Code Detector examines the coded data for error 
conditions is; 

1) Non-aligned start codes 
10 2 ) Over lapping start codes 

3 ) Unrecognized start codes 

Thus, if a non-aligned start code overlaps another, 
later, start code, the first event generated will be 
associated with the non-aligned start code. After this 
15 event has been serviced, the Start Code Detector's 

operation will proceed, detecting the overlapped start code 
a short time later. 

The Start Code Detector only attempts to recognize the 
start code after all tests for non-aligned and overlapping 
20 start codes are complete. 

A, n. 5 Decoder start-up and shutdown 

The Start Code Detector provides facilities to allow the 
current decoding task to be completed cleanly and for a new 
task to be started. 
2 5 There are limitations on using these techniques with 

JPEG coded video as data segments can contain values that 
emulate marker codes (see A. 11. 8.1). 
A* 11. 5.1 Clean end to decoding 

The Start Code Detector can be configured to generate an 
30 interrupt and stop once the data for the current picture is 
complete. This is done by setting stop_af ter_picture = 1 
and stop_af ter_picture_mask = l. 

Once the end of a picture passes through the Start Code 
Detector, a FLUSH Token is generated (A. 11. 7. 2), 
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an interrupt is generated, and the Start Code Detector 
stops. Note that the picture just completed will be 
decoded in the normal way. In some applications, however, 
it may be appropriate to detect the FLUSH arriving at the 
5 output of the decoder chip-set as this will indicate the 
end of the current video sequence. For example, the 
display could freeze on the last picture output. 

When the Start Code Detector stops, there may be data 
from the "old" video sequence "trapped" in user implemented 
10 buffers between the media and the decode chips. Setting 
the register, discard_all_data , will cause the Spatial 
Decoder to consume and discard this data. This will 
continue until a FLUSH Token reaches the Start Code 
Detector or discard_al l_data is reset via the 
15 microprocessor interface. 

Having discarded any data from the "old" sequence the 
decoder is now ready to start work on a new sequence. 
A. 11.5*2 When to start discard all mode 

The discard all mode will start immediately after a 1 is 
20 written into the discard_all_data register. The result 

will be unpredictable if this is done when the Start Code 
Detector is actively processing data. 

Discard all mode can be safely initiated after any of 
the Start Code Detector events (non-aligned start event 

2 5 etc.) has generated an interrupt. 

A. 11.5.3 Starting a new sequence 

If it is not known where the start of a new coded video 
sequence is within some coded data, then the start code 
search mechanism can be used. This discards any unwanted 

3 0 data that precedes the start of the sequence. See A. 11.3. 

A. 11.5,4 Jumping between sequences 

This section illustrates an application of some of the 
techniques described above. The objective is to "jump" 
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from otr>e<-part of one coded video sequence to another. in 
this example, the filing system only allows access to 
"blocks" of data. This block structure might be derived 
from the sector size of a disc or a block error correction 
system. So, the position of entry and exit points in the 
coded video data may not be related to the filing system 
block structure. 

The stop_af ter_picture and discard_all_data mechanisms 
allow unwanted data from the old video sequence to be 

10 discarded. Inserting a FLUSH Token after the end of the 
last filing system data block resets the discard_all_data 
mode. The start code search mode can then be used to 
discard any data in the next data block that precedes a 
suitable entry point. 

15 A. 11.6 Byte alignment 

As is well known in the art, the different coding 
schemes have quite different views about byte alignment of 
start/marker codes in the data stream. 

For example, H.261 views communications as being bit 

20 serial. Thus, there is no concept of byte alignment of 

start codes. By setting ignore_non_aligned = 0 the Start 
Code Detector is able to detect start codes with any bit 
alignment. By setting non-aligned_start_mask = 0, the 
• start code non-alignment interrupt is suppressed. 

25 In contrast, however, JPEG was designed for a computer 

environment where byte alignment is guaranteed. Therefore, 
marker codes should only be detected when byte aligned. 
When the coding standard is configured as JPEG, the 
register ignore_non_aligned is ignored and the non-aligned 

3 0 start event will never be generated. However, setting 

ignore_non_aligned - 1 and non_aligned_start_mask = 0 is 
recommended to ensure compatibility with future products, 

MPEG , on the other hand, was designed to meet the needs 
of both communications (bit serial) and computer (byte 
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oriental* systems. Start codes in MPEG data should 
normally be byte aligned. However, the standard is 
designed to be allow bit serial searching for start codes 
(no MPEG bit pattern, with any bit alignment, will look 
_ 5 like a start code, unless it is a start code). So, an MPEG 
decoder can be designed that will tolerate loss of byte 
alignment in serial data communications. 

If a non-aligned start code is found, it will normally 
indicate that a communication error has previously 

10 occurred. If the error is a "bit-slip" in a bit-serial 

communications system, then data containing this error will 
have already been passed to the decoder* This error is 
likely to cause other errors within the decoder. However, 
new data arriving at the Start Code Detector can continue 

15 to be decoded after this loss of byte alignment. 
By setting ignore_non_aligned = 0 and 
non_aligned_start_mask = 1, an interrupt can be generated 
if a non-aligned start code is detected. The response will 
depend upon the application. All subsequent start codes 

20 will be non-aligned (until byte alignment is restored) . 

Accordingly, setting non_aligned_start_mask = 0 after byte 
alignment has been lost may be appropriate. 
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JPEG 
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0 j 



Table A. 11 . 5 Configuring for byte alignment 
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A. 11 .7 Xutoutio Token generation 

In the present invention, most of the Tokens output by 
the Start Code Detector directly reflect syntactic elements 
of the various picture and video coding standards. In 
5 addition to these "natural" Tokens, some useful "invented" 
Tokens are generated. Examples of these proprietary tokens 
are PICTURE_END and CODING_STANDARD . Tokens are also 
introduced to remove some of the syntactic differences 
between the coding standards and to "tidy up" under error 
10 conditions. 

This automatic Token generation is done after the serial 
analysis of the coded data (see Figure 61, "The Start Code 
Detector") . Therefore the system responds equally to 
Tokens that have been supplied directly to the input of the 
15 Spatial Decoder via the Start Code Detector and to Tokens 
that have been generated by the Start Code Detector 
following the detection of start codes in the coded data, 
X. 11. 7.1 Indicating the end of a picture 

In general, the coding standards don't explicitly signal 
2 0 the end of a picture. However, the Start Code Detector of 
the present invention generates a PICTURE_END Token when it 
detects information that indicates that the current picture 
has been completed. 

The Tokens that cause PICTURE_END to be generated are: 

2 5 SEQUENCE_START, GROUP_START, PICTURE_START , SEQUENCE_END 

and FLUSH. 

A. 11.7.2 Stop after picture end option 

If the register stop_af ter_picture is set, then the 
Start Code Detector will stop after a PICTURE_END Token has 

3 0 passed through. However, a FLUSH Token is inserted after 

the PICTURE_END to "push" the tail end of the coded data 
through the decoder and to reset the system. See A. 11. 5.1. 
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A.ll.f-73* Introducing sequence start for H,26l 

H.261 does not have a syntactic element equivalent to 
sequence start (see Table A. 11. 4). If the register 
insert_sequence_start is set, then the Start Code Detector 
- 5 will ensure that there is one SEQUENCE_START Token before 
the next PICTURE_START , i.e., if the Start Code Detector 
does not see a SEQUENCE_START before a PICTURE_START , one 
will be introduced. No SEQUENCE^ START will be introduced 
if one is already present. 
10 This function should not be used with MPEG or JPEG. 

A. 11. 7. 4 Setting coding standard for each sequence 
All SEQUENCE_START Tokens leaving the Start Code 
Detector are always preceded by a CODING_STANDARD Token. 
This Token is loaded with the Start Code Detector's current 
15 coding standard. This sets the coding standard for the 
entire decoder chip set for each new video sequence, 
A, li.s Start code searching 

The Start Code Detector in accordance with the 
invention, can be used to search through a coded data 
20 stream for a specified type of start code. This allows the 
decoder to re-commence decoding from a specified level 
within the syntax of some coded data (after discarding any 
data that precedes it). Applications for this include: 
• start-up of a decoder after jumping into a coded data 
25 file at an unknown position (e.g., random accessing). 

■ to seek to a known point in the data to assist recovery 
after a data error. 

For example, Table A. 11.6 shows the MPEG start codes 
searched, for different configurations of 
30 start_code_search . The equivalent H.261 and JPEG 
start/marker codes can be seen in Table A. 11.4. 
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Table A. 11.6 Start code search modes 

a. A FLUSH Token places the Start Code Detector 
in this search mode. 

b. This is the default mode after reset. 

5 When a non-zero value is written into the 

start_code_search register, the Start Code Detector will 
start to discard all incoming data until the specified 
start code is detected. The start_code_search register 
will then reset to 0 and normal operation will continue. 

10 The start code search will start immediately after a 

non-zero value is written into the start_code_search 
register. The result will be unpredictable if this is done 
when the Start Code Detector is actively processing data. 
So, before initiating a start code search, the Start Code 

15 Detector should be stopped so no data is being processed. 

The Start Code Detector is always in this condition if any 
of the Start Code Detector events (non-aligned start event 
etc.) has just generated an interrupt. 

A, 11.8.1 Limitations on using start code search with JPEG 
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Mosf^ JrPEG marker codes have a . 1-6 bit length count field 
associated with them. This field indicates the length of a 
idata segment associated with the marker code. This segment 
may contain values that emulate marker codes. In normal 
5 operation, the Start Code Detector doesn't look for start 
codes in these segments of data. 

If a random access into some JPEG coded data "lands" in 
such a segment, the start code search mechanism cannot be 
used reliably. In general, JPEG coded video will require 
10 additional external information to identify entry points 
for random access. 
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SECTION A. 12 Decoder start-up control 
A. 12 • 1 Overview of decoder start-up 

In a decoder, video display will normally be delayed a 
short time after coded data is first available. During 
5 this delay, coded data accumulates in the buffers in the 
decoder. This pre-filling of the buffers ensures that the 
buffers never empty during decoding and, this, therefore 
ensures that the decoder is able to decode new pictures at 
regular intervals . 
10 Generally, two facilities are required to correctly 

start-up a decoder. First, there must be a mechanism to 
measure how much data has been provided to the decoder. 
Second, there must be a mechanism to prevent the display of 
a new video stream. The Spatial Decoder of the invention 
15 provides a Jbit counter near its input to measure how much 
data has arrived and an output gate near its output to 
prevent the start of new video stream being output. 

There are three levels of complexity for the control of 
these facilities: 
20 -Output gate always open 

■ Basic control 
• Advanced control 

with the output gate always open, picture output will 
start as soon as possible after coded data starts to arrive 
2 5 at the decoder. This is appropriate for still picture 

decoding or where display is being delayed by some other 
mechanism . 

The difference between basic and advanced control 
relates to how many short video streams can be accommodated 
20 in the decoder's buffers at any time. Basic control is 
sufficient for most applications. However, advanced 
control allows user software to help the decoder manage the 
start-up of several very short video streams. 
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A.l2-2=-i«EG video buffer verifier 

MPEG describes a "video buffer verifier' 1 (VBV) for 
constant data rate systems. Using the VBV information 
allows the decoder to pre-fill its buffers before it starts 
5 to display pictures. Again, this pre-filling ensures that 
the decoder's buffers never empty during decoding. 

In summary, each MPEG picture carries a vbv_delay 
parameter. This parameter specifies how long the coded 
data buffer of an "ideal decoder" should fill with coded 
10 data before the first picture is decoded. Having observed 
the start-up delay for the first picture, the requirements 
of all subsequent pictures will be met automatically, 

MPEG; therefore, specifies the start-up requirements as 
a delay. However, in a constant bit rate system this delay 
15 can readily be converted to a bit count. This is the basis 
on which the start-up control of the Spatial Decoder of the 
present invention operates. 
A. 12 .3 Definition of a stream 

In this application, the term stream is used to avoid 
20 confusion with the MPEG term sequence. Stream therefore 

means a quantity of video data that is "interesting" to an 
application. Hence, a stream could be many MPEG sequences 
or it could be a single picture. 

The decoder start-up facilities described in this 
2 5 chapter relate to meeting the VBV requirements of the first 
picture in a stream* The requirements of subsequent 
pictures in that stream are met automatically. 
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A. 12. 4 Start-up control registers 



Register name 


Size/Dir. 


Reset State 


Description 


startup_access 
CED_BS_ACCESS 


1 

rw 


0 


Writing 1 to this register requests that the bit 
counter and gate opening logic stop to allow 
access to their configuration registers. 


bit_count 

CED_BS_COUNT 


8 
rw 


0 


This bit counter is incremented as coded data 
leaves the start code detector. The number of 
bits required to increment bit_count once is 
approx. 2 < b,t - count - prescale+1 > x 512. The bit 
counter starts counting bits after a FLUSH 
Token passes through the bit counter 

It is reset to zero and then stops incrementing 
after the bit count target has been met. 


bit_cou nt_presca le 
CED_BS_PRESCALE 


3 

rw 


0 


hit rount taraet 

I l_wU LI 1 1 1 iyci 

CED_BS_ TARGET 


8 

rw 


X 


This register specifies the bit count target. A 
target met event is generated whenever the 
following condition becomes true: 
bit_count>=bit_count_Jarget 


target_met_event 

BS„ TARGET_MET_EVENT 


1 

rw 


0 


When the bit count target is met this event will be 
generated. If the mask register is set to 1 then an 
interrupt can be generated, however, the bit counter 
will NOT stop processing data. 

This event will occur when the bit counter 


target_met_mask 


1 

rw 


0 


increments to its target. It will also occur if a target 
value is written which is less than or equal to the 
current value of the bit counter. 

Writing 0 to bit_count_target will always generate a 
target met event 



Table A. 12.1 Decoder start-up registers 
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Register Name 


Size/Dir. 


Reset State 


Description 


counter_flushed_event 


1 


0 


When a FLUSH Token passes through 
the bit count circuit this event will occur. 


i— > o l — i i /ou i — i /i — ft f*r 

BS_FLUSH_EVENT 


rw 




If the mask register is set to 1 then an 


counter_flushed_mask 


1 

rw 


0 


intprrtint pan bp apnpratpri and thp bit 

II 1 L w i 1 UUl UU 1 1 UJ\-f Uwl J w 1 IwVJ CII IVJ LI 1 W k/ll 

counter will stop. 


counter_flushed_too_early_event 


1 


X 


If a FLUSH Token passes through the bit 
count circuit board and the bit count 


BS„FLUSH„BEFORE_TARGET_MET„EVENT 


rw 




target has not been met this event will 


counterjlushed-too-early-mask 


1 

rw 


0 


occur. If the mask register is set to 1 
then an interrupt can be generated and 
the bit counter will stop. 

See A. 12. 10. 


offchip_queue 
CED_BS_QUEL>E 


1 

rw 


0 


Setting this register to 1 configures the 
aate ooenina Iodic to reauire 
microprocessor support. When t his 
register is set to 0 the output gate control 
logic will automatically control the 
operation of the output gate. 

See sections A.12.6 and A.12.7. 


enabie_stream 


1 


0 


When an off-chip queue is in use writing 
to enable_stream controls the behaviour 


CED_BS_ENABLE_NXT_STM 


rw 




of the output gate after the end of a 
stream passes through it. 

A one in this register enables the output 
gate to open. 

The register will be reset when an 
accept_enable interrupt is generated. 



Table A. 12.1 Decoder start-up registers (contd) 
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Register Name 


Size/Dir. 


Reset State 


Description 


accept_enable_event 


1 


0.00 


This event indicates that a FLUSH 
Token has passes through the output 


BS_S TREA M_ENDJEVENT 


rw 




gate (causing it to close) and that an 


accept_enablejnask 


1 

rw 


0.00 


enable was available to allow the gate to 
open. 

If the mask register is set to 1 then an 
interrupt can be generated and the 
register enable_stream will be reset. 
See A.12.7.1 . 



Table A.12.1 Decoder start-up registers (contd) 
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A. 12.*- Output gate always open 

The output gate can be configured to remain open. This 
configuration is appropriate where still pictures are being 
decoded, or when some other mechanism is available to 
5 manage the start-up of the video decoder. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing 1 to startup_access ) : 

• set of f chip_queue = 1 
10 * set enable_stream = 1 

■ensure that all the decoder start-up event mask 

registers are set to 0 disabling their interrupts 
{this is the default state after reset). 
(See A. 12.7.1 for an explanation of why this holds the 
15 output gate open.) 

A, 12.6 Basic operation 

In the present invention, basic control of the start-up 
logic is sufficient for the majority of MPEG video 
applications. In this mode, the bit counter communicates 
20 directly with the output gate. The output gate will close 
automatically as the end of a video stream passes through 
it as indicated by a FLUSH Token. The gate will remain 
closed until an enable is provided by the bit counter 
circuitry when a stream has attained its start-up bit 
25 count. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing 1 to startup_access) ; 

• set bit_count_prescale approximately for the expected 
30 range of coded data rates 

set counter_f lushed_too_early_mask = 1 to enable this 
error condition to be detected 
Two interrupt service routines are required: 

Video Demux service to obtain the value of 
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*b\^delay for the first picture in each new 
stream 

■Counter flushed too early service to react to 
this condition 
The video demux (also known as the video parser) can 
generate an interrupt when it decodes the vbv_delay for a 
new video stream (i.e., the first picture to arrive at the 
video demux after a FLUSH) . The interrupt service routine 
should compute an appropriate value for bit_count_target 
and write it. When the bit counter reaches this target, it 
will insert an enable into a short queue between the bit 
counter and the output gate. When the output gate opens it 
removes an enable from this queue. 
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A«l2.t.l starting a new stream shortly after another 
f inishes 

As an example, the MPEG stream which is about to finish 
is called A and the MPEG stream about to start is called B. 
3 A FLUSH Token should be inserted after the end of A. This 
pushes the last of its coded data through the decoder and 
alerts the various sections of the decoder to expect a new 
stream. 

Normally, the bit counter will have reset to zero, A 
10 having already met its start-up conditions. After the 
FLUSH, the bit counter will start counting the bits in 
stream B. When the Video Demux has decoded the vbv_delay 
from the first picture in stream B, an interrupt will be 
generated allowing the bit counter to be configured. 
15 As the FLUSH marking the end of stream A passes through 

the output gate, the gate will close. The gate will remain 
closed until B meets its start-up conditions. Depending on 
a number of factors such as: the start-up delay for stream 
B and the depth of the buffers, it is possible that B will 

2 0 have already met its start-up conditions when the output 

gate closes. In this case, there will be an enable waiting 
in the queue and the output gate will immediately open. 
Otherwise, stream B will have to wait until it meets its 
start-up requirements. 
25 A. 12 • 6 • 2 A succession of short streams 

The capacity of the queue located between the bit 
counter and the output gate is sufficient to allow 3 
separate video streams to have met their start-up 
conditions and to be waiting for a previous stream to 

3 0 finish being decoded. In the present invention, this 

situation will only occur if very short streams are being 
decoded or if the off-chip buffers are very large as 
compared to the picture format being decoded) . 
In Figure 69 stream A is being decoded and the 
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outpute-gate is open) . Streams B and C have met their 
start-up conditions and are entirely contained within the 
buffers managed by the Spatial Decoder. Stream D is still 
arriving at the input of the Spatial Decoder. 
5 Enables for streams B and C are -in the queue. So, when 

stream A is completed B will be able to start immediately. 
Similarly C can follow immediately behind B. 

If A is still passing through the output gate when D 
meets its start-up target an enable will be added to the 

10 queue, filling the queue. If no enables have been removed 
from the queue by the time the end of D passes the bit 
counter (i.e., A is still passing through the output gate) 
no new stream will be able to start through the bit 
counter. Therefore, coded data will be held up at the 

15 input until A completes and an enable is removed from the 
queue as the output gate is opened to allow B to pass 
through . 

A. 12. 7 Advanced operation 

In accordance with the present invention, advanced 
20 control of the start-up logic allows user software to 

infinitely extend the length of the enable queue described 
in A. 12.6, "Basic operation". This level of control will 
only be required where the video decoder must accommodate a 
series of short video streams longer than that described in 
25 A.12.S.2, "A succession of short streams". 

In addition to the configuration required for Basic 
operation of the system, the following configurations are 
required after reset (having gained access to the start-up 
control logic by writing 1 to start_up access) : 
30 set of f chip_queue =.1 

set accept_enable_mas)c - 1 to enable interrupts 
when an enable has been removed from the queue 
set target_met_nask - 1 to enable interrupts 
*hen a stream's oit count target is met 
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Twc*~addit lonai interrupt service routines are 
required : 

• accept enable interrupt 
Target met interrupt 
5 When a target met interrupt occurs, the service routine 

should add an enable to its off-chip enable queue. 
A. 12.7,1 Output gate logic behavior 

Writing a l to the enable_stream register loads an 
enable into a short queue. 
10 When a FLUSH (marking the end of a stream) passes 

through the output gate the gate will close. If there is 
an enable available at the end of the queue, the gate will 
open and generate an accept_enable_event . If 
accept_enable_mask is set to one, an interrupt can be 
15 generated and an enable is removed from the end of the 
queue (the register enable_stream is reset) . 

However, if accept_enable_mask is set to zero, no 
interrupt is generated following the accept_enable_event 
and the enable is NOT removed from the end of the queue. 
20 This mechanism can be used to keep the output gate open as 
described in A. 12. 5. 
A. 12 .8 Bit counting 

The bit counter starts counting after a FLUSH Token 
passes through it. This FLUSH Token indicates the end of 
25 the current video stream. In this regard, the bit counter 
continues counting until it meets the bit count target set 
in the bit_count_target register. A target met event is 
then generated and the bit counter resets to zero and waits 
for the next FLUSH Token. 
30 The bit counter will* also stop incrementing when it 

reacnes it maximum count (255). 
A, 12. 9 Bit count prescale 

In the present invention, 2 ,,,ri -- owm - pr ^ Jh " " x 512 bits are 
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requirwdto increment the bit counter once. Furthermore, 
bit_count_prescale is a 3 bit register than can hold a 
value between 0 and 7. 



n 


Range (bits) 


Resolution (bits) 


0 | 0 to 252144 1Q24 


1 


0 to 524288 


2048 


7 


0 to 31457280 


122880 



Table A. 12,2 Example bit counter ranges 

The bit count is approximate, as some elements of the 
video stream will already have been Tokenized (e.g., the 
start codes) and, therefore includes non-data Tokens. 
A. 12 ,10 Counter flushed too early 

If a FLUSH token arrives at the bit counter before the 
bit count target is attained, an event is generated which 
can cause an interrupt (if counter_f lushed_too_ear ly_mask - 
1). If the interrupt is generated, then the bit counter 
circuit will stop, preventing further data input. It is 
the responsibility of the user's software to decide when to 
open the output gate after this event has occurred. The 
output gate can be made to open by writing 0 as the bit 
count target. These circumstances should only arise when 
trying to decode video streams that last only a few 
pictures . 
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SECTFe?* A. 13 Buffer Management 

The Spatial Decoder manages two logical data buffers: 
the coded data buffer (CDB) and the Token buffer (TB) . 

The CDB buffers coded data between the Start Code 
5 Detector and the input of the Huffman decoder. This 

provides buffering for low data rate coded video data. The 
TB buffers data between the output of the Huffman decoder 
and the input of the spatial video decoding circuits 
(inverse modeler, quantizer and DCT) . This second logical 
10 buffer allows processing time to include a spread so as to 
accommodate processing pictures having varying amounts of 
data . 

Both buffers are physically held in a single off-chip 
DRAM array. The addresses for these buffers are generated 
15 by the buffer manager, 

A, 13.1 Buffer manager registers 

The Spatial Decoder buffer manager is intended to be 
configured once immediately after the device is reset. In 
normal operation, there is no requirement to reconfigure 
20 the buffer manager. 

After reset is removed from the Spatial Decoder, the 
buffer manager is halted (with its access register, 
buf f er_manager_access, set to 1) awaiting configuration. 
After the registers have been configured, 
25 buf f er_manager_access can be set to 0 and decoding can 
commence . 

Most of the registers used in the buffer manager cannot 
be accessed reliably while the buffer manager is operating. 
Before any of the buffer manager registers are accessed 
30 buf f er_manager_access must be set to 1. This makes it 
essential to observe the protocol of waiting until the 
value l can be read from buf f er_manager_access . The time 
taken to obtain and release access should be taken into 
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consideration when polling such registers as cdb_full and cdb__empty to 
monitor buffer conditions. 



Register name 


Size/Dir. 


Reset State 


Description 


buffer_jnanager_access 


1 

rw 


1 


This access bit stops the operation of the buffer manager 
so that its various registers can be accessed reliably. See 
A.6.4.1 . Note: this access register is unusual as its default 
state after reset is 1 . i.e. after reset the buffer manager is 
halted awaiting configuration via the microprocessor 
interface. 


buffer_manager__keyhole_address 


6 
rw 


X 


Keyhole access to the extended address space used for 
the buffer manager registers shown below. See A.6.4.3 for 
more information about accessing registers through a 
keyhole. 


buffer_manager_keyhole_data 


8 
rw 


X 


buffer limit 


18 
rw 


X 


This specifies the overall size of the DRAM array attached 
to the Spatial Decoder. All buffer addresses are calculated 
MOD this buffer size and s will wrap round within the 
DRAM provided. 


cdb_base 


18 

rw 


X 


These registers point to the base of the coded data (cdb) 
and Token (tb) buffers. 


tb_base 


cdbjength 


18 

— PW 


X 


These registers specify the length (i.e. size) of the coded 
data (cdb) and Token (tb) buffers. 


tbjength 


cdb_read 


18 


X 


These registers hold an offset from the buffer base and 
indicate where data will be read from next. 


tb_read 


LUU 1 IUI I IUCI 


— fQ 

18 

— r-e 


X 


j nese registers show how much data is currently held in 
the buffers. 


tb_n umber 


cdbjull 


1 


X 


These registers will be set to 1 if the coded data (cdb) or 
Token (tb) buffer fills. 


tb_full 


ro 


cdb_empty 


1 


X 


These registers will be set to 1 if the coded data (cdb) or 
Token (tb) buffer empties. 


tb_empty 


ro 



Table A. 13.1 Buffer manager registers 
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A. 13 . i^l^Buf f er manager pointer values 

Typically, data is transferred between the Spatial 
Decoder and the off_chip DRAM in 64 byte bursts (using the 
ORAM'S fast page mode). All the buffer pointers and length 
5 registers refer to these 64 byte (512 bit) blocks of data. 
So, the buffer manager's 18 bit registers describe a 256 k 
block linear address space (i.e., 128 Mb). 

The 64 byte transfer is independent of the width (8, 16 
or 32 bits) of the DRAM interface. 
10 A . 13.2 Use of the buffer manager registers 

The Spatial Decoder buffer manager has two sets of 
registers that define two similar buffers. The buffer 
limit register (buf f er_limit) defines the physical upper 
limit of the memory space. All addresses are calculated 
15 modulo this number. 

within the limits of the available memory, the extent of 
each buffer is defined by two registers: the buffer base 
(cdb_base and tb_base) and the buffer length (cdb_length 
and tb_length) . All the registers described thus far must 
20 be configured before the buffers can be used. 

The current status of each buffer is visible in 4 
registers. The buffer read register (cdb_read and tb_read) 
indicates an offset from the buffer base from which data 
will be read next. The buffer number registers (cdb_number 
25 and tb_number) indicate the amount of data currently held 
by buffers. The status bits cdb_full, tb_fuli, cdb_empty 
and tb_empty indicate if the buffers are full or empty. 

As stated in A. 13.1.1, the unit for all the above 
mentioned registers is a 512 bit block of data. 
30 Accordingly, the value read from cdb_number should be 

multiplied by 512 to obtain the number of bits in the coded 

data ouffer. 

A. 13.3 Zero buffers 

Still picture applications (e.g., using JPEG) that do 
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not h*ve^a "real-rime" requirement will not need the large 
off-chip buffers supported by the buffer manager. In this 
case, the DRAM interface can be configured (by writing i to 
che zero_buf fers register) to ignore the buffer manager to 
5 provide a 128 bit stream on-chip FIFO for the coded data 
buffer and the Token buffers. 

The zero buffers option may also be appropriate for 
applications which operate working at low data rates and 
with small picture formats. 

10 Note: the zero_buffers register is part of the DRAM 

interface and, therefore, should be set only during the 
post-reset configuration of the DRAM interface. 
A. 13. 4 Buffer operation 

The data transfer through the buffers is controlled by a 

15 handshake Protocol. Hence, it is guaranteed that no data 
errors will occur if the buffer fills or empties. If a 
buffer is filled, then the circuits trying to send' data to 
the buffer will -be halted until there is space in the 
buffer. If a buffer continues to be full, more processing 

20 stages "up steam" of the buffer will halt until the Spatial 
Decoder is unable to accept data on its input port. 
Similarly, if a buffer empties, then the circuits trying to 
remove data from the buffer will halt until data is 
available. 

25 As described in A. 13.2, the position and size of the 

coded data and Token buffer are specified by the buffer 
base and length registers. The user is responsible for 
configuring these registers and for ensuring that there is 
no conflict in memory usage between the two buffers. 
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SECTION A.14 Video Demux 

The Video Demux or Video parser as it is also called, 
completes the task of converting coded data into Tokens started 
5 by the Start Code Detector. There are four main processing 
blocks in the Video Demux: Parser State Machine, Huffman 
decoder (including an ITOD), Macroblock counter and ALU. 

The Parser or state machine follows the syntax of the 
coded video data and instructs the other units. The Huffman 
1 0 decoder converts variable length coded (VLC) data into integers. 
The Macroblock counter keeps track of which section of a picture 
is being decoded. The ALU performs the necessary arithmetic 
calculations. 



A.14.1 Video Demux registers 



Register name 




Size/Dir. 


Reset State 


Description 


demux_access 


1 




0 


This access bit stops the operation of the Video Demux so that it's 
various registers can be accessed reliably. See A.6.4.1 . 


CED_HJCTRL[7] 


rw 






h uffma n_erro r_code 
CED_H_CTRL[6:4J 


3 
ro 




When the Video Demux stops following the generation of a 
huffman_event interrupt request this 3 bit register holds a value 
indicating why the interrupt was generated. See A. 14.5.1. 


parser_error_code 
CED_H_DMUX_ERR 


8 
ro 




When the Video Demux stops following the generation of a 
parser_event interrupt request this 8 bit register holds a value indicating 
why the interrupt was generated. See A. 14.5.2 . 


demux_keyhole_address 
CEDJH_KEYHOLE_ADDR 


12 
rw 


X 


Keyhole access to the Video Demux's extended address space. See 
A.6.4.3 for more information about accessing registers through a 
keyhole. 


demux_keyhole_data 
CED_H_KEYHOLE 


8 
rw 


X 


Tables A.14.2, A.14.3 and A.14.4 describe the registers that can be 
accessed via the keyhole. 



Table A.14.1 Top level Video Demux registers 
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Register name 








m 








ize/Dii 




set Sti 








CO 








dummy_last_picture 


1 




0 




When this register is set to 1 the Video Demux will generate information for 










a dummy intra picture as tne last picture ot an ivirto sequence, ims 


CED_H_ALU_REGO 


rw 




function is useful when the Temporal Decoder is configured for automatic 










picture re-ordering (see A.1 8.3.5, "Picture sequence re-ordering") to flush 


rjromjcontrof 








the last P or I picture out of the Temporal Decoder. 


»• Wiimmw /oof frama hit 
1 Qufnrny_iaSl_JiaItiG UU 








No "dummy" picture is required if: 










• the Temporal Decoder is not configured for re-ordering 










• another MPEG sequence will be decoded immediately (as this will also 










flush out the last picture) 










• the coding standard is not MPEG 


field_info 


1 




0 




When this register is set to 1 the first byte of any MPEG 










extra information picture is placed in the FIELD_INFO Token. See 


CEDJH_ALU_REGO 


rw 




A.14.7.1. 


r_rom_control 










r_fieldJnfo_bit 










continue 


1 




0 


This register allows user software to control how much extra, user or 










extension data it wants to receive when it is detected by the decoder. See 


CED_H_ALU_REGO 


rw 




A.14.6 and A.14.7 . 


r_rom_control 










r_field_continue_bit 










rom_revision 


8 




Immediately following reset this holds a copy of the microcode ROM 










revision number. 


CED_H_ALU_REG1 


ro 














This register is also used to present to control software data values read 


rjromjrevision 








from the coded data. See A.14.6, "Receiving User and Extension data", on 










page 148 and A.14.7, "Receiving Extra Information". 



Table A.14.1 Top level Video Demux registers (contd) 
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Register name 


Size/Dir. 




Reset State 


Description 


huffman_event 


1 

rw 


0 


A Huffman event is generated if an error is found in the coded data. See 
A. 14.5.1 for a description of these events. 

If the mask register is set to 1 then an interrupt can be generated and the 
Video Demux will stop. If the mask register is set to 0 then no interrupt is 
generated and the Video Demux will attempt to recover from the error. 


huffman_mask 


1 

rw 


0 


parser_event 


1 

rw 


0 


A Parser event can be in response to errors in the coded data or to the 
arrival of information at the Video Demux that requires software 
intervention. See A. 14.5.2 for a description of these events. If the mask 
register is set to 1 then an interrupt can be generated and the Video 
Demux will stop. If the mask register is set to 0 then no interrupt is 
generated and the Video Demux will attempt to continue. 


parser_mask 


12 
rw 


X 


Table A.14.1 Top level Video Demux registers (contd) 


Register name 


I size/dir. 




Reset State 


Description 


component_name__0 
component_name_1 
component_name_2 
component_name_3 


8 

rw 


X 


During JPEG operation the register component_name_r? holds an 8 bit 
value indicating (to an application) which colour component has the 
component ID n. 


horiz_pels 


16 
rw 


X 


These registers hold the horizontal and vertical dimensions of the video 
being decoded in pixels. 

See section A. 14.2 . 


vert_pels 


16 
rw 


X 




horiz_macroblocks 


16 
rw 


X 


These registers hold the horizontal and vertical dimensions of the video 
being decoded in macroblocks. 

See section A. 14.2 . 


vert_macroblocks 


16 
rw 


X 





Table A.14.2 video demux picture construction registers 
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Register name 




Size/Dir. 




Reset State 


Description 


max_h 


2 
rw 


X 


These registers hold the macroblock width and height in blocks (8 x 
8 pixels). The values 0 to 3 indicate a width/height of 1 to 4 blocks. 

See section A. 14.2 . 


max_v 


2 




X 






rw 








max_componentJd 


2 

rw 


X 


The values 0 to 3 indicate that 1 to 4 different video components 
are ourrciiiiy uciny uyuuucu occ aeuiuii t\. \ . 


Nf 


8 

rw 


X 


During JPEG operation this register holds the parameter Nf 

^llUMEUcI Ol Milage UUI flfJUl lt?l 119 III llctfliC^. 


blocks_h_0 
blocks_h_1 


2 
rw 


X 




For each of the 4 colour components the registers blocksjw? and 
blocks_v_n hold the number of blocks horizontally and vertically in 
a macroblock for the colour component with component ID n. 


b!ocks_h_2 










See section A. 14.2 . 


blocks_h__3 












blocks_v_0 


2 




X 






blocks_v_1 


rw 








blocks_v_2 












blocks_y_3 












tq_0 
tqj 


2 
rw 


X 




The two bit value held by the register \q_n describes which inverse 
Quantisation table is to be used when decoding data with 
component ID n. 


tq_2 












tq_3 













Table A.14.2 video demux picture construction registers (contd) 
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A. 14 • 2rrl ^ Register loading and Token generation 

Many of the registers in the Video Demux hold values 
that relate directly to parameters normally communicated in 
the coded picture/ video data. For example, the hori2_pels 

5 register corresponds to the MPEG sequence header 

information, hor izontal_size , and the JPEG frame header 
parameter, X. These registers are loaded by the Video 
Demux when the appropriate coded data is decoded. These 
registers are also associated with a Token. For example, 

0 the register, horiz_pels, is associated with Token, 

H0RIZ0NTAL_SIZE. The Token is generated by the Video Demux 
when (or soon after) the coded data is decoded. The Token 
can also be supplied directly to the input of the Spatial 
Decoder. In this case, the value carried by the Token will 

5 configure the Video Demux register associated with it. 
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Register Name 


Size/Dir. 


Reset State 


Description 


r\r- huff Pi 

dc_huff_1 


2 
rw 




The two bit value held by the register dc_huff__r? describes which 
Huffman decoding table is to be used when decoding the DC 
coefficients of data with component ID n. 


dchufT2 








dchuff_3 






Similarly ac huff n describes the table to be used when decoding 
AC coefficients. 


ac^nunMj 


2 




acJiufM 

q/% hi iff 0 


rw 




Baseline JPEG requires up to two Huffman tables per scan. The 
only tables implemented are 0 and 1 . 


ac_JiuffJ3 








dcj>its_0[15:0] 
dc__bitsj[1 5:0] 


8 
rw 




Each of these is a table of 16, eight bit values. They provide the 
BITS information (see JPEG Huffman table specification) which 
form part of the description of two DC and two AC Huffman 


acj>itsj)[15:0] 
ac_bits_1[15:0] 


8 

rw 




tables. 

See section A. 14. 3.1 . ' 


dc_huffvaL0[11:0] 
dcJiuftvaM[1:0] 


8 

rw 




Each of these is a table of 12, eight bit values. They provide the 
HUFFVAL information (see JPEG Huffman table specification) 
which form part of the description of two AC Huffman tables. 

See section A. 14.3.1 . 


acjiuffval_0(161:0) 
acJiuffvaM (161:0) 


8 

rw 




Each of these is a table of 1 62, eight bit values. They provide the 
HUFFVAL information (see JPEG Huffman table specification) 
which form part of the description of two DC Huffman tables. 

See section A. 14.3.1 . 


dc_zssss_0 
dc_zssss_1 


8 

rw 




These 8 bit registers hold values that are "special cased" to 
accelerate the decoding of certain frequency used JPEG VLCs. 

dc ssss - magnitude of DC coefficient is 0. 

ac_eob - end of block 

ac_zrl - run of 16 zeros 


ac__eob_p 
ac_eob_1 


8 

rw 




ac_zrl_0 


8 




acjzrM 


rw 







Table A. 14. 3 Video demux Huffman table registers 
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Register Name 


Size/Dir. 


Reset State 


Description 


buffer_size 


10 
rw 




This register is loaded when decoding MPEG data with a value 
indicating the size of VBV buffer required in an ideal decoder. 






This value is not used by the decoder chips. However, the value 
it holds may be useful to user software when configuring the 
coded data buffer size and to determine whether the decoder is 
capable of decoding a particular MPEG data file. 


pel__aspect 


4 
rw 




This register is loaded when decoding MPEG data with a value 
indicating the pel aspect ratio. The value is a 4 bit integer that is 
used as an index into a table defined by MPEG. 

See the MPEG standard for a definition of this table. 

This value is not used by the decoder chips. However, the value 
it holds may be useful to user software when configuring a 
display or output device. 


bit_rate 


4 

rw 




This register is loaded when decoding MPEG data with a value 
indicating the coded data rate. See the MPEG standard for a 
definition of this value. This value is not used by the decoder 
chips. However, the value it holds may be useful to user 
software when configuring the decoder start-up registers. 


pic_rate 


4 

rw 




This register is loaded when decoding MPEG data with a value 
indicating the 






picture rate. See the MPEG standard for a definition of this 
value. This value is not used by the decoder chips. However, 
the value it holds may be useful to user software when 
configuring a display or output device. 


Constrained 


1 

rw 




This register is \oaded when decoding MPEG data to indicate if 
the coded data meets MPEG's constrained parameters. See the 
MPEG standard for a definition of this flag. 

This value is not used by the decoder chips. However, the value 
it holds may be useful to user software to determine whether the 
decoder is capable of decoding a particular MPEG data file. 



Register Name 



Q 

N 

CO 



£ 

CO 

a> 
w 
o 
DC 



Description 



picture_type 



rw 



During MPEG operation this register holds the picture type of the 
picture being decoded. 



h_261_pic_type 



rw 



This register is loaded when decoding H.261 data. It holds 
information about the picture format. 



7 


6 


5 


4 


3 


2 


1 


0 


f 


f 


s 


d 


f 


d 


f 


f 



Flags: 

s - Split Screen Indicator 

d - Document Camera 

r - Freeze Picture Release 

This value is not used by the decoder chips. However, the 
information should be used when configuring horiz__pe1s, vert_pels 
and the display or output device. 



broken closed 



During MPEG operation this register holds the brokenjink and 
closed_gap 

information for the group of pictures being decoded. 



7 


6 


5 


4 


3 


2 


1 


0 




r 


r 


r 


r 


r 


r 


c 


b 



Flags: 

C - closed^gap 



Table A. 14.4 Other Video Demux registers (contd) 
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Register Name 



-»— > 

CO 

a: 



Description 



Prediction mode 



During MPEG and H.261 operation this register holds the 
current value of prediction mode. 



rw 



7 


6 


5 


4 


3 


2 


1 


0 


r 


r 


r 


h 


y 


X 


b 


f 



Flags: 

h - enable H.261 loop filter 

y - reset backward vector prediction. 



vbv_delay 



16 



rw 



This register is loaded when decoding MPEF data with a value 
indicating the minimum start-up delay before decoding should start. 

See the MPEG standard for a definition of this value. 

This value is not used by the decoder chips. However, the value it 
holds may be useful to user software when configuring the decoder 
start-up registers. 



pic_number 



This register holds the picture number for the pictures that is currently 
being decoded by the Video Demux. This number was generated by 
the start code detector when this picture arrived there. 

See Table A.1 1 .2 for a description of the picture number. 



dummyjast_picture 



field info 



continue 



These registers are also visible at the top level. See Table A. 14.1 



rw 



rw 



rw 



rom revision 



rw 



coding_standard 



This register is loaded by the CODING_STANDARD Token to 
configure 

the Video Demux's mode of operation. 
See section A.21.1 . 



Table A. 14.4 Other Video Demux registers (contd) 
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Resist*' name 


a 
H 
** 


Reset Stale 


Cescnption 


restart jnurval 


8 




This register is loaded wn«n cecoorg jP£G data witn a vaiue *rtca:;rg *r.e 




rw 




minimum start-uo delay oefere decooing should s;an. 








See tn« MPEG standard for a definition of this value. j 



Table A, 14. 4 Other video Demux registers (contd) 





register 


Token 


standard 


:3mm«n! ! 




component^name^n 


UUMrUNtfi l_NAmC 


JPEG 


m coced data. j 








MPSG 


not used m stancarc. 1 

i 








H.261 






horJ2_p«ls 


HOR120NTAL.SI2E 


MPSG 


m ccced cau. 






VERTICAL.SIZE 


JPEG 










H.251 


automatically derived frcm y-c:'jr* 

i 

tyoe* 




hora.rnacrooioeks 


H0RI20NTAL.MBS 


MPEG 


control software must denv* (rom ; 




v«rt_macro©toc*cs 


VERTICAL.MBS 


JPEG 


honzcntal and vertical scrjre s;2*. ] 








K2S1 


automatically derived 'rem picture ' 

type. ! 




ma*_h 


DEFINE.MAX.SAMPLJNG 


MPEG 


controt software must configure 




maJt.v 






Sampting structure :s fixed ty 
stancard. 








JPEG 


tn cooed data. 










automai:catty configures !or - 2.2 
vtdeo 



Table A. 14.5 Register to Token cross reference 
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register 


Token 


standard 


comrrem j 

t 


max_component Jd 


MAX.COMPJO 


MPEG 


control software must configure j 
Samofing structure <s fixec *y 






JPEG 


in pfl/ia/i **afa , 

I 






H.2S1 


automatically config-jrec for ±2Z 1 
video. 


tq.O 


JPEG.TABLE.SELECT 


JPEG 


m coded data. 






MPEG 


not used m sianca/3, 


tq_2 




H.2S1 










1 


Diocits,h_o 


HCC1MC c A1JQI l#Uf* 


MPEG 


control software must configure. I 


biocks.n.i 






Samptmg structure is fixed 3y 


biocks_h_2 






standard. 


olocks_h_3 




JPEG 


in coded data. f 






H2B\ 


automatically configured izr * 2.0 ; 


o(ocks_v_0 






video. ' 










! biocks_v_2 








DlOCks_v_3 






j 


dc_nutf_o 


in scan heaoer data 


JPEG 


m cooed data. | 




MPEG.DCHJTABLE 


MPEG 


control software must configure. j 


dc_huff.2 




H.261 


not used in standard. j 


dc_hutt_3 






j 


ac.nuff.O 


in scan header data 


JPEG 


in cooed data. 


ae_hvrff_i 






not used tn standard. • 


ac_nuff_2 




H.261 




ac.riurf_3 









Table A, 14.5 Register to Token cross 
reference (contd) 
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Token 


suncard 


comment ' 


dc.Dits.0(l5:0) 

dc_0*ts_1[t5:0] 


in OATATonen following 
DHT.MARKER Token 


JPEG 


m cocec data. 


dc..iutfvat.op t.£J] 
CC_fiuffviLl[11:0| 

dc.zssss.O 




vi PEG j ccnrroi so ^ are ^usi cc-rg-.re. 


H.2S\ 


not used in s:arda.'d 


ac_=its_0(15.0) 
ac_3itsj[15:0] 

ac.huffvaL0[l61:0l 
ac_huftvaLi[l6l:0] 

ac.eob.O 
ac.eoo.i 

ac.irl.O 
ac.zri. 1 


tn DATA Token (ollowtng 
OHT.MARKER Token 


J?EG 


tn ccoec data. 




MPEG 


not used m s;anca/d. 


H.261 


oufter_size 


VBV^BUFFER.SIZE 


MPEG | tn coced da:a. 


JP5G 


not used tn standard 

i 




p*i_asp*ct 


PEL. ASPECT 


MPEG 


m ceded data. ! 


JPEG 


not used m stanca/d 1 

i 

1 


H.251 


Or t_rat* 

1 

t 


B1T.RATE 


MPEG 


m coded data. 


JPEG 


not used m standard 


H.261 


pleural* 


PICTURE^RATE 


MPEG 


m cooed data. 


JPEG 


not used m standard 

i 


K2St 


1 

t constramed 

i 
i 

i 

i 
i 


CONSTRAINED 


MPEG 


m ceded data. 


JPEG 


not used m standard 




| H.261 


, ?iciurt_typ« 


P!CTURE_TYPE 


MPEG j m cocec data. 




JPEG 


not used tn standard 


K261 





Table A. 14.5 Register to Token cross reference (contd) 
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register 


Token 


standard 


comment 


orcken^closed 


BROKEN.CLOSED 


MP€G 


m coded caca. t 


JPEG 


not used in standard | 

i 


H.2S1 


predicUon_mode 


PREDlCT10N_MODE 


MPEG 


m coded cata. j 


JPEG 


not used in standard 


H^61 


i n _2Sl_pic_ryp« 


PICTURE.TYPE 
(wnen standard ts H.261) 


MPEG 


not retevant 


t 


JPEG 


K261 


in coded da:a. 


vbv_d«iay 


VBV.OELAY 


MPEG 


m coded data. 


JPEG 


not used :n standard 


H.2S1 


pic.nurnOtr 

f 


Carried by: 
PICTURE.START 


MP£G 


Generated Oy start cede deiec:or 

i 


JPEG 


K2S1 


j cod»ng_$unaard 


CODING_STANDARD 


MPEG 


configured in star: code 5y ccnrci j 

software detector. j 

! 


JPEG 


J-L261 



Table A* 14. 5 Register to Token 
cross reference (contd) 



A. 14 .2 Picture structure 

In the present invention, picture dimensions are 
5 described to the Spatial Decoder in 2 different units: 
pixels and macroblocks. JPEG and MPEG both communicate 
picture dimensions in pixels. Communicating the dimensions 
m pixels determine the area of the buffer that contains 
the valid data; this may be smaller than the total buffer 
10 size. Communicating dimensions in macroblocks determines 

the size of buffer required by the decoder. The macroblock 
dimensions must be derived by the user from the pixel 
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dimensions. The Spatial Decoder registers associated with 
this information are: horiz_pels, vert_pels, 
hor iz_macroblocks and vert_macroblocks . 

The Spatial Decoder registers, blocks_h_n, blocks_v_n, 
max_h, max_v and max_component_id specify the composition 
of the macroblocks (minimum coding units in JPEG) * Each i 
a 2 bit register than can hold values in the range 0 to 3 . 
All except max_component_id specify a block count of 1 to 
4. For example, if register max_h holds 1, then a 
macroblock is two blocks wide. Similarly, max_component_id 
specifies the number of different color components 
involved . 





2:1:1 


4:2:2 


4:2:0 




max_h 


1 


1 


1 


0 ! 


mix.v 


0 


i 


t 


o ; 


max_compor»ntJd 


2 


2 | 2 | 2 j 


biocks.h.O 


1 


1 i ' | 0 j 


btocks_h_1 


0 


0 


0 


0 


Dlocks_n_2 


0 


0 


0 


0 


0loc*«.h_3 


* ! « 


« I « i 


tstocks.v.O 


0 


1 | 1 ) 0 | 




0 


1 


o | o j 


tHoc*s_v_2 


0 


t 


0 


0 


5<ocks.v_3 


X 


z 


" I « I 



Table A. 14 .6 Configuration for various macroblocfc formats 
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A.14.>- Huffman tables 

A. 14.3,1 JPEG style Huffman table descriptions 

In the invention, Huffman table descriptions are 

provided to the Spatial decoder via the format used by JPEG 
5 to communicate table descriptions between encoders and 

decoders. There are two elements to each table 

description: BITS and HUFFVAL. For a full description of 

how tables are encoded, the user is directed to the JPEG 

specification, 
10 A.14>3.1.1 BITS 

BITS is a table of values that describes how many 

different symbols are encoded with each length of VLC . 

Each entry is an 8 bit value. JPEG permits VLCs with up to 

16 bits long, so there are 16 entries in each table. 
15 The BITS[0] describes how many different 1 bit VLCs 

exist while BITS[1] describes how many different 2 bit VLCs 

exist and so forth. 

A. 14 . 3 . 1. 2 HUFFVAL 

HUFFVAL is table of 8 bit data values arranged in order 
20 of increasing VLC length. The size of this table will 

depend on the number of different symbols that can be 

encoded by the VLC. 

The JPEG specification describes in further detail how 

Huffman coding tables can be encoded or decoded into this 
25 format. 

A. 14. 3 .1.3 Configuration by Tokens 

In a JPEG bitstream, the DHT marker precedes the 

description of the Huffman tables used to code AC and DC 

coefficients. When the Start Code Detector recognizes a 
3 0 DHT marker, it generates a DHT_MARKER Token and places the 

Huffman table description in the following DATA Token (see 

A. 11. 3. 4) . 

Configuration of AC and DC coefficient Huffman tables 
within the Spatial Decoder can be achieved by supplying 
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DATA £ttd~DHT_MARKER Tokens to the input of the Spatial 
Decoder while the Spatial Decoder is configured for JPEG 
operation. This mechanism can be used for configuring the 
DC coefficient Huffman tables required for MPEG operation, 
5 however, the coding standard of the Spatial Decoder must be 
set to JPEG while the tables are down loaded. 
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number of words depends on the number of different 
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another taofe description ts contained in ffie same DATA Token. 
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Table A. 14 • 7 Huffman table configuration via Tofcens 
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A. 14. 3=^1^4 Configuration bv MP I 

The AC and DC coefficient Huffman tables can also be 
written directly to registers via the MPI . See Table 
A . 14 . 3 . 

The registers dc_bits_0 [ 15 : 0 ] and dc_bi ts_l [ 15 : 0 ] 
hold the BITS values for tables 0x00 and 0x01. 
■The registers ac_bi ts_0 f 15 : 0 ] and ac_b its_l f 1 5 : 0 ] 
hold the BITS values for tables 0x10 and 0x11. 
•The registers dc_huf f val_0 [ 11 : 0 ] and 
dc_huffval_l[ 11:0] hold the HUFFVAL values for 
tables 0x00 and 0x01. 

The registers ac_huf f val_0 [ 161 : 0 ] and 
ac_huf fval_l [ 161 : 0 ] hold the HUFFVAL values 
for tables 0x10 and 0x11. 

A. 14. 4 Configuring for different standards 

The Video Demux supports the requirements of MPEG, JPEG 

and H.261. The coding standard is configured automatically 

by the CO D INGEST AN DARD Token generated by the Start Code 

Detector. 

A. 14. 4.1 H.261 Huffman tables 

All the Huffman tables required to decode H.261 are held 
in ROMs within the Spatial Decoder and more particular in 
the parser state machine of the Video demux and, therefore 
require no user intervention. 
A. 14.4.2 H.261 Picture structure 

H.261 is defined as supporting only two picture formats: 
CIF and QCIF. The picture format in use is signalled in 
the PTYPE section of the bitstream. When this data is 
decoded by the Spatial Decoder, it is placed in the 
h_261_pic_type registers and the PICTURE_TYPE Token. In 
addition, all the picture and macroblock construction 
registers are configured automatically. 

The information in the various registers is also placed 
into their related Tokens (see Table A. 14. 5), 



and tifts^ensures that other decoder chips (such as the 
Temporal Decoder) are correctly configured. 
A. 14. 4.3 MPEG Huffman tables 

The majority of the Huffman coding tables required to 
decode MPEG are held in ROMs within the Spatial Decoder 
(again, in the parser state machine) and, thus, require no 
user intervention. The exceptions are the tables required 
for decoding the DC coefficients of Intral macroblocks. Two 
tables are required, one for chroma the other for luma. 
These must be configured by user software before decoding 
begins . 



macroWoc* construcocn 


CIP/ 
QCIF 


pte&rt construction 


CIF 


QCIF 


max_h 
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max_v 
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1X4 j 
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0*ocks_h_T 
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! I i 
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! 1 i 


blocks.v.1 


0 
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1 


blocks,v_2 


0 


1 





Table A. 14.8 Automatic settings for H.261 



Table A. 14. 10 shows the sequence of Tokens required to 
configure the DC coefficient Huffman tables within the 
Spatial Decoder. Alternatively, the same results can be 
obtained by writing this information to registers via the 
MPI . 

The registers dc_huff_n control which DC coefficient 
Huffman tables are used with each color component. Table 
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A.14.T^snows how they should be configured for MPEG 
operation. This can be done directly via the MP I or by 
using the MPEG DCH TABLE Token. 



dcjnuffJD 


0 • 




l 


de_nutf_2 


1 


dc_nutf_3 


X 



Table A. 14. 9 MPEG DC Huffman table selection via MPI 
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1 m JPEG { 
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OxiC | DHT_MARKER | 
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0x00 | 0 indicates tnat ths Huffman tab<e ts OC coefficient coding taste 0 j 



Table A. 14. 10 MPEG DC Huffman table configuration 
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9 words carrying HUFFVAL information 


1 


0x02 


if configuring via the MP! rather than with Tokens these values wou'd is 
wntten into the dc^huftval.OtnrOJ registers. 
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Table A. 14 * 10 MPEG DC Huffman 
table configuration (contd) 
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Tabte A.14.10 MPEG DC Huffman table configuration (contd) 
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[7.0] 


Tok«n Name j 
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0x15 


COOtNG.STANDARO j 


0 


0x02 


2 * JP€G j 



Table A, 14, 10 MPEG DC Huffman 
table configuration (contd) 



A . 14 ♦ 4 . 4 MPEG Picture structure 

The macroblock construction defined for MPEG is the same 
5 as that used by H.261. The picture dimensions are encoded 
in the coded data. ' 

For standard 4:2:0 operation, the macroblock 
characteristics should be configured as indicated in Table 
A . 14 . 3 . This can be done either by writing to the 
10 registers as indicated or by applying the equivalent Tokens 
(see Table A. 14.5) to the input of the Spatial Decoder. 

The approach taken to configure picture dimensions will 
depend upon the application. If the picture format is 
known before decoding starts, then the picture construction 
15 registers listed in Table A. 14.3 can be initialized with 

appropriate values. Alternatively, the picture dimensions 
can be decoded from the coded data and used to configure 
the Spatial Decoder. In this case the user must service 
the parser error £RR_MPEG__SEQUENCE , see A, 14.8, "Changes at 
20 the MPEG sequence layer". 
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A.14.#t5~ JPEG 

Within baseline JPEG, there are a number of encoder 
options that significantly alter the complexity of the 
control software required to operate the decoder- In 
5 general, the Spatial Decoder has been designed so that the 
required support is minimal where the following condition 
is met: 

• Number of color components per frame is less 
than 5(N f <4) 
10 A . 14 . 4 . 6 JPEG Huffman tables 

Furthermore, JPEG allows Huffman coding tables to be 
down loaded to the decoder. These tables are used when 
decoding the VLCs describing the coefficients. Two tables 
are permitted per scan for decoding DC coefficients and two 

15 for the AC coefficients. 

There are three different types of JPEG file: 
Interchange format, an abbreviated format for compressed 
image data, and an abbreviated format for table data. In 
an interchange format file there is both compressed image 

20 data and a definition of all the tables (Huffman, 

Quantization etc.) required to decode the image data. The 
ajbjbreviated image data format file omits the table 
definitions. The abbreviated table format file only 
contains the table definitions. 

2 5 The Spatial Decoder will accept all three formats. 

However, abbreviated image data files can only be decoded 
if all the required tables have been defined. This 
definition can be done via either of the other two JPEG 
file types, or alternatively, the tables could be set-up by 

3 0 user software. 

If each scan uses a different set of Huffman tables, 
then the table definitions are placed (by the encoder) in 
the coded data before each scan. These are automatically 
loaded by the Spatial Decoder for use during this and any 



subsequent scans. 

To improve the performance of the Huffman decoding , 
certain commonly used symbols are specially cased. These 
are: DC coefficient with magnitude 0, end of block AC 
coefficients and run of 16 zero AC coefficients. The 
values for these special cases should be written into the 
appropriate registers. 
A. 14 .4.6.1 Table selection 

The registers dc_huff_n and ac_huff_n control which AC 
and DC coefficient Huffman tables are used with which color 
component. During JPEG operation, these relationships are 
defined by the TDj and Taj fields of the scan header syntax. 
A. 14. 4.7 JPEG Picture structure 

There are two distinct levels of baseline JPEG decoding 

supported by the Spatial Decoder: up to 4 components per 

frame (N f <4) and greater than 4 components per frame (N,>4). 

If N f >4 is used, the control software required becomes more 

complex. 

A. 14. 4. 7.1 Kf<4 

The frame component specification parameters contained 
in the JPEG frame header configure the macroblock 
construction registers (see Table A. 14.8) when they are 
decoded. No user intervention is required, as all the 
specifications required to decode the 4 different color 
components as defined. 

For further details of the options provided by JPEG the 
reader should study the JPEG specification. Also, there is 
a short description of JPEG picture formats in S A. 16.1. 
A. 14 . 4 . 7 . 2 JPEG with more than 4 comp onents 

The Spatial Decoder can decode JPEG files containing up 
to 2 56 different color components (the maximum permitted by 
JPEG) . However, additional user intervention is required 
if more than 4 color component are to be decoded. JPEG 
only allows a maximum of 4 components in any scan. 
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only *4l©ws a maximum of 4 components in any scan. 
A. 14. 4. 8 Non-standard variants 

As stated above, the Spatial Decoder supports some 
picture formats beyond those defined by JPEG and MPEG. 
5 JPEG limits minimum coding units so that they contain no 

more than 10 blocks per scan. This limit does not apply to 
the Spatial Decoder since it can process any minimum coding 
unit that can be described by blocks_h_n, blocks_v_n, max_h 
and max_v. 

10 MPEG is only defined for 4:2:0 macroblocks (see Table 

A. 14. 8). However, the Spatial Decoder can process three 
other component macroblock structures, (e.g., 4:2:2. 
A, 14.5 video events and errors 

The Video Demux can generate two' types of events: parser 

15 events and Huffman events. See A. 6. 3, "Interrupts", for a 
description of how to handle events and interrupts. 
A . 14 . 5 . 1 Huffman events 

Huffman events are generated by the Huffman decoder. 
The event which is indicated in huf f man_event and 

20 huffman_mask determines whether an interrupt is generated. 

If huffman_mask is set to 1, an interrupt will be generated 
and the Huffman decoder will halt. The register 
huf fman_error_code[2 : 0] will hold a value indicating the 
cause of the event. 

25 If l is written to huf f man_event after servicing the 

interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover from the error 

30 automatically. 

A . 14 . 5 , 2 Parser events 

Parser events are generated by the Parser. The event is 
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indicate* in parser_event. Thereafter, parser_mask 
determines whether an interrupt is generated. If 
parser_mask is set to 1 , an interrupt will be generated and 
the Parser will halt. The register parser_error code[7:0] 
will hold a value indicating the cause of event. 

If 1 is written to huf f man_event after servicing the 
interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover form the error 
automatically . 

If 1 is written to parser_event after servicing the 
interrupt, the Parser will start operation again. If the 
event indicated a bitstream error, the Video Demux will 
attempt to recover from the error. 

If parser_mask was set to 0, the Parser will set its 
event bit, but will not generate an interrupt or halt. It 
will continue operation and attempt to recover from the 
error automatically . 
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huffman.error^code 


Oescnction \ 

i 


PI 


Ml 


[0] 


0 


0 


0 


No error. This error Shoufd not occur Cunr*g j 
normal ooera&cn. j 


X 


0 


1 


Failed to find terrrunal code m VLC wrtfvn 1 5 j 

i 

bits. | 


X 


i 


0 


Found sena! data wnen Token exoec:ed ' 


x 


] \ 


Found Token wnen serial data expected 


I 


X 


X 


Information describing more than 6-i 
coefficients (or a single block was decreed \ 
mdcaang a bitstream error. The D+ock ourtcu; Dy ; 
the Video Oemux will contajn only $4 

\ 

coefficients. 1 



Table A. 14. 11 Huffman error codes 



oarser_error_code(7;0] 


Oescrtotton 


1 0x00 

! 


ERR.NO.ERROR 

No Parser error has occured, this event should noi occur during normai ere 'at. or. 


j OxiO 


ERR.EXTENSION .TOKEN 

An £XTENSION_DATA Token has been detected by me Parser. The deiec;ion of 
thts Token shouid preceed a DATA Token mat contains the extension data. See A : 4 s 


OxM 

I 


ERR.EXTENSJON.OATA 

Followmg the detection of an EXTENSION_DATA Token, a DATA To«en 
containing the extension data has been detedcted. See A. 14.6 


0x12 


ERR.USER.TOKEN 

A USER_DATA Token has been detected by the Parser. The detection of rus To*en 
shou*d oreceed a DATA Token that contains the user data. See A.14 6 


1 0x!3 


ERR.USSR.OATA 

Fofiowing me detection of a US £R_D ATA Token, a DATA Token contamtrg re user 
data has been detedcted. See A. 14 s 


j 0x20 


SRR.PSPARE 

H.2St PS ARE information has been detected see A. 14,7 



Table A.14. 12 Parser error codes (Sheet 1 of 5) 
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Description 


0x2 T 


£RR_GS?AR£ 

H.261 GSARE information nas been detected see A u ? 


0^22 


£RR_?TYP£ 

The value o/ the H.2S 1 picture rype has changed. The reg-sier h,2S 1 pic rype can * 
inspected to see what tne new value rs. 


0x30 


ERfl_JP£G_PfUM£ 

| 


0x31 


ERR.JPEG.PRAMEjjvST 

i 


0x32 


ERR.JPSG.SCAN 
Picture size or Ns changed 


0x33 


6RR.JPSG.SCAN.COMP 
Component Change ! 


0x34 

1 


ERR.ONU.MARKER 


0x40 


ERR.MPSG.ScQUENCS 

One of tne parameters communicated m me MPEG sequence layer has charged. See 
A.14.8 


0X41 


ERR.EXTRA.PICTURE 

MPEG extra.mfomaiion^picture has oeen detected see A.u 7 


1 0x42 


ERR.EXTRA.SUCE 

MPEG ettra.infornnatwn^sice has oeen detected see A. 14 7 


1 0X40 

1 

i 


ERR.VBV.DEL^Y 

The V8V.OELAY pa/ameter lor me first picture m a new MPEG video sequence ras 
been detected by me Video Qemux. The new vaJue of delay is available m re register 
vbv.deiay. 

The firs; picture of a new sequence is defined as the first picture after a sequence e^c. 
FLUSH or r«eL 


j OxSO 

j 


ERR_SHORT.TOKEN 

An mcorrecUy lormed Token has been delected. This error sncuid not occ-r ~" r 5 
normal operation. 
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P4f«r_ffFor^od«(7:01 


Oesenption 


0*90 


£Rfl_H2S1.?lC.£ND.UN£X?ECT£D 

Ounng H.251 ooeraoon me end of a picture has Been encounters^ an 'jp*x~ec'8** 
position. This is fikeiy to indicate an errcr m me coced data. 


0x91 


ERR.GN.3ACKUP 

Hi rfinn W ?fi 1 ftfl#fafinn a nrouo of blocks ha<c DMn •^^^irtt*r^ 4 *itn 3 -•"v — • - ir">«» 

less tnan mat expected. This a likely to indicate an error m the coded ca;a 


0x92 

\ 


£RR_GN_SK!PJ30S 

Ounng H.2S1 operation a group o! b/ocks has own encountered with a ;rc-5 -.meer 
greater tnan that expected. This is likely to indicate an etror »n trie coded Sax 


OxAO 


£RR.N8AS£„TAB 

Ounng JPEG operation mere has been an attempt to down load a Huffman :acie mat s 
not supported by baseline JPEG (baseline JPEG only support taoies C and i -'or 
entrooy coding). 


OxAl 


ERR_QUANT_PHECtSlON 

Ounng JPEG operation there nas been an attempt to down toad a ouant^a;.cn :a&e ma; 
is not supported by basefine JPEG (baseline JPEG onty support 3 bit rfec:s;cn -n 
quantisation tables). 


0xA2 


£RR_SAMPL£_PRSClSlON 

Ounng JPEG operation mere has been an anempt to specify a sample precision grea:*' 
tfan mat suoponed by baseline JPEG (baseline JPEG only sucoons 6 btt cfeeston}. 


0rA3 


ERR.NSASS.SCAN 

One or more of the JPEG scan header parameters Ss. Se, Ah and A( is set tc a ^aiu* rot 
supported by baseline JPEG (indicating spectrai selection anc/rr successive 
appfoximaoon when are not supported m oaseitne JPEG). 


OxA4 


Crtn^UniftArCU i cu_ur«L 

During JPEG operation a DNL marker has Been encountered m a scan ma: s rot me 
first scan m a frame. 


OxA5 


ERR.EOS.UNEXPECTED 

Ounng JPEG ooeraaon an EOS ma/ker nas been encountered :n an unexpected rtaca 
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P* fW -««fl'-Spd«(7:01 | Oescnpucn 


0x>6 


£RR_RSSTART_SKlP 

Ounng JPEG operation a restart marker has been encountered either :n tn an 
uneipected place or Tie value of the restart marker ts unexsec:*::. *r a 'estar; -ar**' s 
not found when one ts expected the Huffman event *c 0ur .i seraJ ^ re « -;< en 
expected* will be generated. 


0x90 


SRR.SKIPJNTRA 

Ounng MPEG ooeraticn. a macro block with a macro Dice* access -crer-?-: -*5a:2' 
bttstream error. 


0x31 


ERR.SKiP.OlNTRA 

During MPEG oceration. a macro block with a macro bfeck add:ess r.crer-e": -reater 
than 1 has been found within an OC onry (D) picture. This is illegal ard =rc£atiy 
tndcates a bitstream error. 


0xB2 


ERR.SAO.MARKER 

Dunne; MPEG operation, a marker bit did not have the exrec:*d vaxe. Th.s -s ™raciy 
indicates a bttstream error. 


0x83 


SRR.O.MBTYPE 

Dunng MPEG operation, wtthm a DC only (O) picture, a macrcciock was fours- wo a 
macrobiock type other man t. This ts illegal and probaoiy mccates a r»a;ream *r*or. 


0x&4 


ERR.D.MSENO 

Ounng MPEG operation, within a OC on*y (D) picture, a macretiock was iz^r.a with 0 tn 
if s end of macrooiock bit. This is UiegaJ and probably indicates a biatream *-cr 


0x85 


ERR.SVP.SACKUP 

Dunng MPEG operation, a slice has been encountered with a siice vesica; rcs/jc^ ess 
than chat expected. Thts is flkety to indicate an error in the coded data 


0x36 


ERR.SVP.SKIP^ROWS 

Ounng MPEG operation, a sJice has been encountered with a s;;ce ver.ca* res 
greater than that expected. This is likely to mccate an error :n re codec ra:a 


QxS7 


ERR.FST.MBA.SACKUP 

Ounng MPEG operation, a macrooiock has been encountered with a mac^ : :c< 
address less than that expected. Thts is likely to indicate an error m the cocec ra:a 
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ERR.-ST.MBA.SKlP 

Ounng MPEG operation, a macrooiocx has seen encountered **tn a macro Bioc* i 

1 

address greater man that expected. TN$ r$ likely 10 mc»cate an error m rre ccced data ; 


0iS9 


SRR_=>tCTURS END UNEXPECTED j 

j 

uunn^ .vikcuj operation, a i unc_ciiu <QKen ~as ceen •ncountereo in an j 
unexpected place. This ts likely to mdicaie an error m rre ceded cata. | 


! 


pffftf* ra«jirv*d far in (•mat ;»<f flrortfarns 


Ox£0 


E?.R_TST„PROGRAM 

wyiie* iwUSiy •tiivey m u test ytOytarn 


CxEI 


ERR.NO.PROGRAM 

n me 1 est program is noi cornptt#o in 




rap *ct cwn t 

i 

End of Test j 


QxrQ ... OXrr 


Hescrveo errors 


OxFO 


ERRJJCODE.AOOR | 

1 

fell off the end at tne wodd ! 


QxFl 


ERR.NOTJMPLEMENTED j 

1 
1 

f 



Table A.14,12 Parser error codes (Sheet 5 of 5) 
Each standard uses a different sub-set of the defined 
Parser error codes. 



Token Nam* 


MPEG 


JPEG H.25'. j 


ERR.NO.ERROR 


/ 


' I ' 


ERR.EXTENSION .TOKEN 


' I < i 


ERR.EXTENSION.OATA 




< I 


ERR.USER.TOKEN 




✓ i 


ERR.UScR.OATA 




ERR.PSPARE 


I i ' I 


ERRJ3SPARE 


! ' \ 


£RR_PTYPE 




I ' ! 


| ERR_JP£G_rRAME 




/ i i 


ERR.JPEG.PRAME.LAST 




/ l 


ERR.JPEG.SCAN 




' ! 



Tabie A.14.13 Parser error codes and the different standards 
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^ Toktn N*m« 


MPEG 


JPEG 


HJ251 


ERR.JPEG_SCAN.COMP 






SRR_DNl_MARK£R 




✓ t ! 


SRR_MP.G_SSOUENCE | / 


1 I 


SRR.EXTRa.PICTURE 


/ 


1 i 

! 

] i 


E3R.EXTRA.SUCH 


/ 


! ! 


ERR.V8V.0ELAY 


/ 




ERR.SHORT.TOKEN 


/ 


' 1 ' i 


ERR„H261.P1C_EN0.UNEXPECTED j j 


^ i 


ERR.GN.3ACKUP 




✓ I 


5RR.GN_SK1P.G08 




1 ' 1 


ERR.N8ASE.TA8 




' I ! 


ERR.QUANT.PRECISION 




ERR.SAMPLE.PRECISION 




s 




ERR.NBASE.SCAN 




✓ 


ERR.UNEXPECTED.ONL 


' 1 ! 


ERR.EOS.UNEXPECTEO 




' 1 ! 


ERR.RE5TART.SKIP 




f 
j 


ERR.SK1PJNTRA 


/ 


I 


SRR.SKiPJDtNTHA 


/ 


i i 


ERR.8AO.MARKER 


/ 


l 


SRR_D_MBTYPE 


S 






i 

i 


SRR.D.MBENO 


/ 






ERR.SVP.BACKUP 


✓ 






ERR_SVP.SKIP.ROWS 


✓ 


1 


ERR_FST_MBA_BACKUP 


/ 


i 
1 




ERR.FST_MBA.SK1P 


/ 


! 




ERR_PICTURE_SND_ UNEXPECTED 


/ 






ERR.TST.PROGRAM 


/ 


' \ ' i 




ERR.NO.PROGRAM 


/ 


' 1 ' i 


ERR.TST.ENO 


/ 


' i ' : 


ERR.UCCDE.ADDR 


/ 




/ ! 


EnR.NOT.iMPUEMEMTEO 





Table A. 14.1 3 Parser error codes and the different standards (contd) 
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A. 14.*- deceiving User and Extension data 

MPEG and JPEG use similar mechanisms to embed user and 
extension data. The data is preceded by a start/marker 
code. The Start Code Detector can be configured to delete 
5 this data (see A. 11. 3.3) if the application has no interest 
in such data. 

A. 14* 6.1 Identifying the source of the data 

The Parser events, ERR_EXTENSION_TOKEN and 
ERR_USER_TOKEN, indicate the arrival of the EXTENSION_DATA 

10 or USER_DATA Token at the Video Demux. If these Tokens 
have been generated by the Start Code Detector, (see 
A. 11.3.3) they will carry the value of the start/marker 
code that caused the Start Code Detector to generate the 
Token (see Table A. 11. 4). This value can be read by 

15 reading the rom_revision register while servicing the 

Parser interrupt. The Video Demux will remain halted until 
1 is written to parser_event (see A. 6 . 3 , "Interrupts"). 
A. 14. 6. 2 Reading the data 

The EXTENSION_DATA and USER_DATA Tokens are expected to 

20 be immediately followed by a DATA Token carrying the 

extension or user data. The arrival of this DATA Token at 
the Video Demux will generate either an ERR_EXTENSION_DATA 
or an ERR_USER_DATA Parser event. The first byte of the 
DATA Token can be read by reading the rom_revision register 

25 while servicing the interrupt. 

The state of the Video Demux register, continue, 
determines behavior after the event is cleared. If this 
register holds the value 0, then any remaining data in the 
DATA Token will be consumed by the Video Demux and no 

30 events will be generated. If the continue is set to 1, an 
event will be generated as each byte of extension or user 
data arrives at the Video Demux. This continues until the 
DATA Token is exhausted or continue is set to 0. 
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NOT*": * 

1) The first byte of the extension/user data 

is always presented via the rom_revision 
register regardless of the state of 
5 ' continue. 

2) There is no event indicating that the last 

byte of extension/user data has been 
read. 

A, 14. 7 Receiving Extra Information 

10 H.261 and MPEG allow information extending the coding 

standard to be embedded within pictures and groups of 
blocks (H.261) or slices (MPEG). The mechanism is 
different from that used for extension and user data 
(described in Section A. 14. 6). No start code precedes the 

15 data and, thus, it cannot be deleted by the Start Code 
Detector . 

During H.261 operation, the Parser events ERR_PSPARE and 
ERR_G SPARE indicate the detection of this information. The 
corresponding events during MPEG operation are 

2 0 ERR_EXTRA_PICTURE and ERR_EXTRA_SLICE . 

When the Parser event is generated, the first byte of 
the extra information is presented through the register, 
rom_revision . 

The state of the video Demux register, continue, 
25 determines behavior after the event is cleared. If this 
register holds the value 0, then any remaining extra 
information will be consumed by the Video Demux and no 
events will be generated. If the continue is set to 1, an 
event will be generated as each byte of extra information 

3 0 arrives at the Video Demux. This continues until the extra 

information is exhausted or continue is set to 0. 
NOTE: 

l)The first byte of the extension/user data is 
always presented via the rom_revision 
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~ ^ register regardless of -the state of 
continue . 

2) There is no event indicating that the last 
byte of extension/user data has been 
5 read. 

A « 14 « 7 • 1 Generation of the FIELD_INFO Token 

During MPEG operation, if the register field_info is set 
to 1, the first byte of any extra_inf ormation_picture is 
placed in the FIELD_INFO Token. This behavior is not 
10 covered by the standardization activities of MPEG . Table 
A. 3. 2 shows the definition of the FIELD_INFO Token. 

If field_info is set to 1, no Parser event will be 
generated for the first byte of extra_inf ormation_picture . 
However, events will be generated for any subsequent bytes 
15 of extra_inf ormat ion_picture . If there is only a single 
byte of extra_inf omat ion_picture , no Parser event will 
occur. 

A. 14.8 Changes at the MPEG sequence layer 

The MPEG sequence header describes the following 
2 0 characteristic of the video about to be decoded: 

■ horizontal and vertical size 

• pixel aspect ratio 

■ picture rate 

* coded data rate 

25 • video buffer verifier buffer size 

If any of these parameters change when the Spatial 

Decoder decodes a sequence header, the Parser event 

ERR_MPEG_SEQUENCE will be generated. 

A. 14.8.1 Change in picture size 
30 If the picture size has changed, the user's software 

should read the values in horiz_pels and vert_pels and 

compute new values to be loaded into the registers 

horiz ir.acroblocks and vert macroblocks. 
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SECTION A. 15 Spatial Decoding 

In accordance with the present invention, the spatial 
decoding occurs between the output of the Token buffer and 
the output of the Spatial Decoder. 
5 There are three main units responsible for spatial 

decoding: the inverse modeler, the inverse quantizer and 
the inverse discrete cosine transformer. At the input to 
this section (from the Token buffer) DATA Tokens contain a 
run and level representation of the quantized coefficients. 
10 At the output (of the inverse DCT) DATA Tokens contain 8x8 
blocks of pixel information. 
A. 15*1 The Inverse Modeler 

DATA Tokens in the Token buffer contain information 
about the values of quantized coefficients and the number 
15 of zeros between the coefficients that are represented. 

The Inverse Modeler expands the information about runs of 
zeros so that each DATA Token contains 64 values. At this 
point, the values in the DATA Tokens are quantized 
coefficients . 

20 The inverse modelling process is the same regardless of 

the coding standard currently being used. No configuration 
is required. 

For a better understanding of the modelling and inverse 
modelling function all requirements the reader can examine 
2 5 any of the picture coding standards. 
A . 15 „ 2 Inverse Quantizer 

In an encoder, the quantizer divides down the output of 
the DCT to reduce the resolution of the DCT coefficients. 
In a decoder, the function of the inverse quantizer is to 
30 multiply up these quantized DCT coefficients to restore 
them to an approximation of their original values. 
A. 15. 2.1 Overview of the standard quantization schemes 
There are significant differences in the quantization 
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schemers* »sed by each of the different coding standards. To 
obtain a detailed understanding of the quantization schemes 
used by each of the standards the reader should study the 
relevant coding standards documents. 
5 The register iq_coding_standard configures the operation 

of the inverse quantizer to meet the requirements of the 
different standards. In normal operation, this coding 
register is automatically loaded by the CODING_STANDARD 
Token. See section A. 21.1 for more information about coding 

10 standard configuration. 

The mam difference between the quantization schemes is 
the source of the numbers by which the quantized 
coefficients are multiplied. These are outlined below. 
There are also detail differences in the arithmetic 

15 operations required (rounding etc,)/ which are not 
described here. 
A . 15 « 2 . 1 . 1 H.261 10 overview 

In H.261, a single "scale factor" is used to scale the 
coefficients. The encoder can change this scale factor 

20 periodically to regulate the data rate produced. Slightly 
different rules apply to the "DC" coefficient in intra 
coded blocks. 

A. 15,2 . 1.2 JPEG 1Q overview 

Baseline JPEG allows for a picture that contains up to 4 
25 different color components in each scan. For each of these 
4 color components, a 64 entry quantization table can be 
specified. Each entry in these tables is used as the 
"scale" factor for one of the 64 quantized coefficients. 

The values for the JPEG quantization tables are 
3 0 contained in the coded JPEG data and will be loaded 
automatically into the quantization tables. 
A. 15 ,2. 1.3 MPSG 10 overview 

MPEG uses both H.261 and JPEG quantization techniques. 
Like JPEG, 4 quantization tables, each with 64 entries, can 
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be us*s*. m However, use of the tables is quite different. 

Two "types" of data are considered: intra and non- 
intra. A different table is used for each data type. Two 
"default" tables are defined by MPEG . One is for use with 
. - 5 intra data and the other with non-intra data (see Table 
A. 15. 2 and Table A. 15. 3). These default tables must be 
written into the quantization table memory of the Spatial 
Decoder before MPEG decoding is possible. 

MPEG also allows two "down loaded" quantization tables* 
10 One is for use with intra data and the other with non-intra 
data. The values for these tables are contained in the 
MPEG data stream and will be loaded into the quantization 
table memory automatically. 

The value output from the tables is modified by a scale 
15 factor. 

A. IS. 2 .2 Inverse quantizer registers 



Register name 


2S. 

o 

\ 

tB 


• 

• 

(ft 
« 
tr 


Oescnotton 


iq_access 


i 

rw 


0 


This access tm stops the ccerauon of me averse quantiser so that *ts 
vinous registers can oe accessed reiiatrty. See 


iq_coding_sttndafd 


2 

rw 


0 


This register configures the coding standard used by me inverse 
quantiser. The register can fie loaded directly or cy a 
CODiNG.STANDARD Token. See A.2T t 


iq^iteyrioie.address 


8 

rw 


X 


Keynote access to the when notes tr.e * ouanoser ;ao*es. See *.5 3 
(or more information aaout accessing registers ihreugn a 


iqjseynoie.data 


a 

rw 


X 


keyhole. 



Table A. 15.1 Inverse quantizer registers 
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In th^present invention, the iq_access register must be 
set before the quantization table memory can be accessed. 
The quantization table memory will return the value zero if 
an attempt is made to read it while iq_access is set to 0. 
5 A. 15.2*3 configuring the inverse quantizer 

In normal operation, there is no need to configure the 
inverse quantizer's coding standard as this will be 
automatically configured by the COD I NG_STANDARD Token. 

For H.261 operation, the quantizer tables are not used. 
10 No special configuration is required. For JPEG operation, 
the tables required by the inverse quantizer should be 
automatically loaded with information extracted from the 
coded data. 

MPEG operation requires that the default quantization 
15 tables are loaded. This should be done while iq_access is 
set to 1. The values in Table A. 15.2 should be written 
into locations 0x00 to 0x3F of the inverse quantizer's 
extended address space (accessible through the keyhole 
registers iq_keyhole_address and iq_keyhole_data) . 
20 Similarly, the values in Table A. 15. 3 should be written 
into locations 0x40 to 0x7F of the inverse quantizer's 
extended address space. 
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/ 


" .0 




^.0 


j i 


^0 j 


Q 


3 




27 


32 


29 


46 


35 


1 


16 




27 


33 


29 


49 


38 


f 2 


16 


i ft 


29 


34 


27 


50 


38 


3 


19 


1 0 


26 


35 


27 


51 


40 


4 


16 


3 A 


25 


36 


29 


52 


40 j 


5 


TQ 


1 1 


26 


37 


29 


53 


I 

.0 | 


5 


75 
<a 


22 


27 


36 


32 


54 


1 

48 


7 


2,2 


23 


27 


39 


32 


55 


48 


a 

o 


AM 

22 


24 


27 


40 


34 


56 


46 


a 

3 


22 


25 


29 


41 


34 


57 


46 


1 0 


22 


2$ 


29 


42 


37 


58 


56 


11 


22 


27 


23 


43 


38 


59 


56 


12 


26 


23 


34 


44 


37 


60 


58 


T3 


24 


29 


34 


45 


35 


61 


69 


14 


26 


30 


34 


46 


35 


62 




15 


27 


31 


29 


47 


34 


63 


83 j 



Table A. 15.2 Default MPEG table for intra coded blocks 

a. Offset from start of quantization table 

memory 

b. Quantization table value. 
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t j W f 




w l 




i 


0 


16 


16 


16 


32 


16 


4< 


'6 1 


1 


IS 


17 


16 


33 


ts 


*9 


! 

T S 1 


2 


is 


id 


16 


34 


16 


50 


i 


3 


15 


19 


16 


35 


16 


51 


1 

'5 ! 


4 


16 


20 


16 


36 


16 


52 




5 


16 


21 


16 


37 


16 


53 




6 


16 


22 


16 


38 


16 


54 


1 


7 


16 


23 


16 


33 


16 


55 


15 


8 


16 


2* 


15 


40 


16 


56 


16 


9 


16 


25 


16 


41 


16 


57 


:5 i 
i 


10 


16 


26 


16 


42 


16 


56 


IS , 


n 


16 


27 


16 


43 


16 


59 




12 


16 


28 


16 


44 


16 


60 


IS ' 


13 


16 


29 


16 


45 


16 


61 


is i 


14 


16 


30 


16 


46 


16 


62 


15 


15 


16 


31 


16 


47 


16 


63 


15 



Table A.15.3 Defautt MPEG tabie for non-intra coded biocks 



A . 15 . 2 . 4 configuring tables from ToJcens 

As an alternative to configuring the inverse quantizer 
5 tables via the MPI , they can be initialized by Tokens. 

These Tokens can be supplied via either the coded data port 
or ■ the MPI. 

The QUANTJTABLE Token is described in Table A . 3 . 2 . It 
has a two bit field tt which specifies which of the 4 (0 to 
10 3) table locations is defined by the Token. For MPEG 

operation, the default definitions of tables 0 and 1 need 
to be loaded. 

A . 15 • 2 . 5 quantization table values 

For both JPEG and MPEG , the quantization table entries 
15 are 3 bit numbers. The values 255 to l are legal. The 
value 0 is illegal. 

A- 15.2. 6 Number ordering of quantization tables 
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The^qimnti2ation table values are used in "2ig-zag" scan 
order (see the coding standards) . The tables should be 
viewed as a one dimensional array of 64 values (rather than 
a 3x8 array) . The table entries at lower addresses 
correspond to the lower frequency DCT coefficients. 

When quantization table values are carried by a 
QUANT JTABLE Token, the first value after the Token header 
is the table entry for the "DC" coefficient. 
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A.1 5.2.7 Inverse quantizer test registers 



Register Name 


Size/Dir. 


Reset State 


Description 


iq_quant_scale 


5 

rw 




This register holds the current value of the quantisation scale factor. 
It is loaded by the QUANT_SCALE Token. This is not used during 
JPEG operation 


iq_component 


2 
rw 




This register holds the two bit component ID taken from the most 
recent DATA token head. This value is involved in the selection of 
the quantiser table. 

The register will also hold the table ID after a QUANT_TABLE Token 
arrives to load the table. 


iq_prediction_mo 


2 




This holds the two LSBs of the most recent PREDICTION JVIODE 


de 


rw 




Token. 


iqjpeg_indirecti 


8 




This register relates the two bit component ID number of a DATA 


on 


rw 




Token to the table number of the quantisation table that should be 
used. Bits 1 :0 specify the table number that will be sued with 
component 0 Bits 3:2 specify the table number that will be sued with 
component 1 

Bits 5:4 specify the table number that will be sued with component 2 
Bits 7:6 specify the table number that will be sued with component 3. 
This register is loaded by JPEG_TABLE_SELECT Tokens. 


iq_mpeg_indirect 


8 


0.00 


This two bit register records whether to use default or down loaded 


ion 


rw 




quantisation tables with the intra and non-intra data. 






A 0 in the bit position indicates that the default table should be 
used.A.1 indicates that a down loaded table should be used. Bit 0 
refers to intra data. Bit 1 refers to non-intra data. This register is 
normally loaded by the Token MPEG_TABLE_SELECT. 



Table A.1 5.4 Inverse quantizer test registers 
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A.15.>- inverse Discrete Cosine Transform 

The inverse discrete transform processor of rhe present 
invention meets the requirements set out in CCITT 
recommendation H.261, the IEEE specification P1180 and 
5 complies with the requirements described in current draft 
revision of MPEG. 

The inverse discrete cosine transform process is the 
same regardless of which coding standard is used. No, 
configuration by the user is required* 
10 There are two events associated with the inverse 

discrete transform processor. 



flegts;er name 


O 
cn 


* 

« 

rr 


i 

Descnption j 


j lsct_toojew_event 

j 


1 

rw 


0 


The Inverse OCT requires that ail DATA Tokens contain exacny 54 
values, if less tnan $4 vaiues are found then tne too-few event «ui >s 
generated, if the mask register is sei to 1 men an interrupt can oe 
generated and tne inverse OCT wilt halt t 

This event should onty occur following an error in tne coded data. J 


idct.toojew^mask 


1 

rw 


0 


tdct„too_many_tvent 


1 

rw 


0 


The Inverse OCT requires that ail DATA Tokens contain exactly S-* ! 
vaiues. If more than S4 values are found then tne too-many event witi be ' 

i 

g«n«r»I»a. It the mask register is set (0 1 men an interruot can &e | 

I 

generated and the inverse OCT will halt 1 

i 

Thts event shouid on*y occur following an error m the coded data. 


ldct„too.many_mastc 


1 

rw 


0 



Table A.15.5 Inverse OCT event registers 



For a better understanding of the DCT and inverse DCT 
function the reader can examine any of the picture coding 
15 standards. 
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SECTION A- 16 Connecting to the output of Spatial 
Decoder 

The output of the Spatial Decoder is a standard Token 
Port with 9 bit wide data words. See Section A. 4 for more 
*~5 information about the electrical behavior of the interface. 
The Tokens present at the output will depend on the 
coding standard employed. By way of example, this section 
of the disclosure looks at the output of the Spatial 
Decoder when configured for JPEG operation. This section 
10 also describes the Token sequence observed at the output of 
the Temporal Decoder during JPEG operation as the Temporal 
Decoder doesn't modify the Token sequence that results from 
decoding JPEG. 

However, MPEG and H-261 both require the use of the 
15 Temporal Decoder. See section A. 19 for information about 
connecting to the output of the Temporal Decoder when 
configured for MPEG and H.261 operation. 

Furthermore, this section identifies which of the Tokens 
are available at the output of the Spatial Decoder and 
20 which are most useful when designing circuits to display 
that output. Other Tokens will be present, but are not 
needed to display the output and, therefore, are not 
discussed here. 

This section concentrates on showing: 
2 5 -How the start and end of sequences can 

be identified. 
• How the start and end of pictures can be 
identif ied . 

*How to identify when to display the picture. 
30 -How to identify where in the display the 

picture data should be placed. 



A.K.I Itmcturt of JPBG pictures 

This section provides an overview of some features of 
the JPEG syntax. Please refer to the coding standard for 
full details. 

JPEG provides a variety of mechanisms for encoding 
individual pictures . JPEG makes no attempt to describe how 
a collection of pictures could be encoded together to 
provide a mechanism for encoding video. 

The Spatial Decoder, in accordance with the present 
invention , supports JPEG's baseline sequential mode of 
operation. There are three main levels in the syntax: 
Image, Frame and Scan. A sequential image only contains a 
single frame. A frame can contain between 1 and 256 
different image (color) components. These image components 
can be grouped, in a variety of ways, into scans. Each 
scan can contain between 1 and 4 image components (see 
Figure 81 ^Overview of JPEG baseline sequential 
structure") . 

If a scan contains a single image component, it is non- 
interleaved, if it contains more than one image component, 
it is an interleaved scan. A frame can contain a mixture 
of interleaved and non-interleaved scans. The number of 
scans that a frame can contain is determined by the 256 
limit on the number of image components that a frame can 
contain. 

Within an interleaved scan, data is organized into 
minimum coding units (MCUs) which are analogous to the 
macroblock used in MPEG and H.261. These MCUs are raster 
ordered within a picture. In a non-interleaved scan, the 
MCU is a single 8x8 block. Again, these are raster 
organized. 

The Spatial Decoder can readily decode JPEG data 
containing 1 to 4 different color components. Files 
describing greater numbers of components can also be 
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decoded- However, some reconfiguration between scans may 
be required to accommodate the next set of components to be 
decoded . 

A. 16 • 2 Token sequence 

5 The JPEG markers codes are converted to an analogous 

MPEG named Token by the Start Code Detector (see Table 
A. 11. 4, see Fig. 82 "Tokenized JPEG picture"). 
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SECTION A. 17 Temporal Decoder. 

■ 30 MH ; operation 

•Provides temporal decoding for MPEG & H.261 video decoders 
•H.261 CIF and QCIF formats 
5 • MPEG video resolutions up to 704x480, 30 Hz, 4:2:0 

• Flexible chroma sampling formats 

• Can re-order the MPEG picture sequence 
•Glue-less DRAM interface 

• Single +5V supply 

10 • 208 pin PQFP package 

•Max. power dissipation 2 . 5W 

• Uses standard page mode DRAM 

The Temporal Decoder is a companion chip to the Spatial 
Decoder. It provides the temporal decoding required by 
15 H.261 and MPEG . 

The Temporal Decoder implements all the prediction 
forming features required by MPEG and H-261. With a single 
4 Mb DRAM (e.g., 512 k x 8) the Temporal Decoder can decode 
CIF and QCIF H.261 video. With 8 Mb of DRAM (e.g., two 256 
20 k x 16) the 704 x 480 f 30Hz, 4:2:0 MPEG video can be 
decoded . 

The Temporal Decoder is not required for Intra coding 
schemes (such as JPEG) . If included in a multi-standard 
decoder, the Temporal Decoder will pass decoded JPEG 

25 pictures through to its output. 

Note: The above values are merely illustrative, by way of 
example and not necessarily by way of limitation, of one 
embodiment of the present invention. It will be 
appreciated that other values and ranges may also be used 

3 0 without departing from, the invention. 
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A. 17.1 Temporal Decoder Signals 



Signal Name 


I/O 


Pin Number 


Description 


in_data[8:0] 


I 


173, 172, 171, 169, 168, 167, 166, 164, 163 


Input Port. This is a standard two wire 
interface normally connected to the 
Output Port of the Spatial Decoder. 
See sections A.4 and A. 181 


in_extn 


I 


174 


in_valid 


i 


162 


in_accept 


0 


161 


enable [1:0] 


I 


126, 127 


Micro Processor Interface (MPI) 
See A,6,1 . on page 69 


.rw, 


I 


125 


addr[7:0] 


I 


137, 136, 135, 133, 132, 131, 130, 128 


data[7:0] 


0 


152, 151, 149, 147, 145, 143, 141, 140 


ira 


o 


154 


DRAM_data[31:0J 


I/O 


15, 17, 19, 20, 22, 25, 27, 30, 31, 33, 35, 
38, 39, 42, 44, 47, 49, 57, 59, 61 , 63, 66 
68, 70, 72, 74, 76, 79, 81, 83, 84, 85 


DRAM Interface. 
See section A.5.2 


DRAM_addr[10:0] 


0 


184, 186, 188, 189, 192, 193, 195, 197, 
199,200, 203 


RAS 


r\ 

u 


I I 


CAS T3:01 


0 


2, 4, 6, 8 


WE 


o 


12 


OK 


o 


204 


DRAM_enable 


I 


112 


out_data[7;0] 


0 


89, 90, 92, 93, 94, 95, 97, 98 


Output Port, this is a standard two 
wire interface. 

See sections A.4 


out__extn 


0 


87 


out_vafid 


0 


99 


out_accept 


! 


100 


tck 


I 


115 


JTAG port. 
See section A.8 


tdi 


I 


116 


tdo 


0 


120 


tms 


I 


117 


trst 


I 


121 


decoder clock 


I 


177 


The main decoder clock. See Table 


reset 


I 


160 


Reset. 



Table A.17.1 Temporal Decoder signals (contd) 
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Signal Name 


I/O 


Pin Num. 




tpnoisfi 


t j 122 


it override a t men tpftOisn and tpmisn ar* .r.cuis Jor ;,^e ;n-cr-c 
two phase clock. 

For normal operation set override » 0. tphdsn and :am ts n a r* 
ignored (so connect to GNO or V 0D ). 


ipntisn 


1 




override 


1 


110 


chiptest 


1 


111 


Set eniptest * 0 for normal operation. 


tiooo 


I 


114 


Connect to GNO or V 00 dumg normai opera: cn. 


ramtest 


I 


109 


it ramteat « l last of the on-erop RAMs \$ eratied. 
Set ramtest » o for normaJ operation 


pjiseiect 


t 


17a 


if pilsetect « 0 the orxfttp phase locked iocrs are cisapfed. 
Set pllseleet • 1 for normal operaDon. 


ti 


l 


180 


Two clocks required by the ORAM interface r-nng ;es; zz*<z:.zn 
Connect to GNO or V 00 durmg normal ooerascn. 


\Q 


"l 


179 


pdout 


0 


207 


These cwo pms are connections lor an 
externa* filter for the phase lock looo. 


pdm | i 


206 



Table A- 17.2 Temporal Decoder Teat signals 



Signal Name 


Pm 


Signal Name 


Pin 


Signal Name 


Pin 


Signal Name 


Pm 


nc 


208 


nc 


1S6 


nc 


104 


I* 


52 i 


test pin 


207 


nc 


1S5 


nc 


103 


ne 


Si 


test pm 


206 


irq 


154 


nc 


102 


nc 


50 


GND 


205 


nc 


153 


voo 


101 


CRAM_data(i5] 


49 


OE 


204 


dauRl 


152 


out ..accept 


100 


nc 


43 


ORAM.acarfOJ 


203 


data(6] 


151 


out_v*W 


99 


ORAM.datapS] 


4? 


VOO 


202 


nc 


150 


ouLdata(O) 


98 


nc 


4© 


nc 


201 


data(5| 


149 


out.datap] 


97 


GNO 


4$ 


ORAM_addr(i| 


200 


nc 


148 


GNO 


96 


DRAM.data(i7i 




ORAM,addr[2J 


199 


data[4] 


147 


out_cata(2J 


95 


nc 


A3 


GNO 


198 


GNO 


146 


out.daa(3] 


94 


ORAW.cata(iS] 


42 


DRAM.addr(31 


137 


daia(3] 


14$ 


ouUdau(4] 


93 j 




41 


nc 


196 


nc 


144 


out.daca45} 


92 j 


nc 


40 



Tabic A.17.3 Temporal Decoder Pin Assignments 
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Table A. 17.3 Temporal Decoder Pin Assignments (contd) 
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Signai Name 


Ptn 


Signal Name 


Pin 


SignaJ Nam* 


Ptn 


Signal Nam* 


Pin ! 


res«i 


160 


nc 


108 


voo 


5* 




4 I 


VOO 


159 


nc 


107 


nc 


55 


nc 


3 ; 


nc 


158 


nc 


106 


nc 


5^ 




2 : 


nc 


157 


nc 


105 


nc 


S3 


nc i 



Table A* 17.3 Temporal Decoder Pin 
Ass ignment s ( contd ) 

A. 17. l.i "nc" no connect pins 

The pins labelled nc in Table A. 17. 3 are not currently 
5 used in the present invention and are reserved for future 
products. These pins should be left unconnected. They 
should not be connected to V D0 , GND, each other or any 
other signal. 

A. 17. 1.2 v 00 and GND pins 

10 As will be appreciated ail the V D0 and GND pins provided 

must be connected to the appropriate power supply. The 
device will not operate correctly unless all the V DD and 
GND pins are correctly used. 

A. 17. 1.3 Test pin connections for normal operation 

15 Nine pins on the Temporal Decoder are reserved for 

internal test use. 



Pin numoer 


Connection 




Connect to GND for normal ooeraaon 




Connect to V 00 for normal operation 




Leave Ooen Circuit (or normal operation 



Table A. 17. 4 Default test pin connections 
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A. 17 JTAG pins for normal operation 

See Section A. 8 . 1 . 



Addr. (hex) 


Register Name 


See tare 


0x00 


0x01 | 


inttfruot servtce area 


| A, 


7 S ! 


0x02 


0x07 


Not used | 


0x06 


Chip access 


A. 17.7 | 


0x09 .. 


OxOF 


Not used ; 


0x10 


Picture sequencing 


A M 3 j 


0x11 ... 


OxlF 


Not used | 


0x20 


Qx2£ 


ORAM interface configuration renters 


A.1 


7 3 • 


0x2F 


0*3F 


Not used | j 


0x40 .. 


0x53 


Suffer configuration 


A.i 


7 3 / 


0x54 


0x5F 


Not used | : 


0x50 .. 


OxFF 


Test registers 


A. I 7 11 ' 


Table A* 17.5 Overview of Temporal 


Decoder 






memory map 








Sit 


Register Name 




Page references 


(hex) 


num. 


„., 




i 


0x00 


7 


enip .event 




! 

: 




6:2 


not used I '< 




1 


cnip.stopped.tvent j 




0 


count.enor.event j j 


0x01 


7 


cfifp_m*sk | ! 




62 


not used \ \ 




1 


cftip.stopped.maik | 




0 


j count.tfTor.mask 




i 



5 x<*xjxe a. 17. 6 Interrupt; service area registers 



343 



(hex) 
0*08 [ 


3.( 
num. 

71 i 


not used 


Rosier Name 


! 

Page references 


1 


° 1 


cft'P.access 


I 





Table a. 17.7 chip access regist 



er 
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Register Name 



0x20 



0x2 1 



0x22 



0x25 



7:5 



not used 



4:0 



pege_sttrtj«ngtn(4:0] 



7:4 



3:0 



7:4 

3:0 



not used 



f «»d.cyciejengtn(3:0] 



not used 



7:4 



•""te.eycHJ^ngtftprOJ 
not used 



3:0 J r«*resft_c Ycle,)«ngtn{3:0I 
7.4 | not used 



3:0 CAS.f»iling(3:0] 



3:0 

7:1 



not used 



RASJalling{3:0) 
not used 



0x27 



7:0 



0x28 



7:6 



5:3 



2:0 



fntcrface.tJming^aeeess 



not used 



RAS_strengtn(2:0J 



OCWE_strengtft(3:0] 



DfUM_data_str«ngtn(3;0] 



0x29 



7 
6:4 



3:1 
0 



not used 



ORAM_addr.strtngtn(3:0j 



CAS_str«ngtft(3:0] 



RAS.strtngth{3] 



Table a. 17. 9 dram interface configur.ti 



on registers 
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Addr. 
(hex) 


Bit 
num. 


Register Name 


Page 
references 


0x28 


7 


not used 




6:4 


DRAM_addr_strength[3:0] 




3:1 


CAS_strength[3:0] 




0 


RAS_strength[3] 




0x29 


7:6 


RAS_strength[2:0] 




5:3 


OEWE_strength[3:0] 




z.u 


ur\Mivi_aaLa__sirengin[o.uj 




0x?A 


70 


refresh interval 




UXZd 


/ .U 


not used 




UXzO 


7.0 


not used 







r- 

o 


DRAM enable 




4 


nojrefresh 




3:2 


row__address_bits[1 :0] 




1:0 


DRAM_data_width[1:0] 




0x2D 


7:0 


not used 




0x2E 


7:0 


Test registers 




Table A. 17.9 DRAM interface configuration registers (contd) 



Addr. 


Bit 


Register Name 


Page references 


(hex) 


num. 






0x40 


7:0 


not used 




0x41 


7:2 








1:0 


picture buffer 0[17:0] 




0x42 


7:0 




0x43 


7:0 






0x44 


7:0 


not used 




0x45 


7:2 








1:0 


picture_buffer_1 [1 7:0] 




0x46 


7:0 






0x47 


7:0 







Table A.17.10 Buffer configuration registers 
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Addr. 


Bit 




Porta rafaran/^ae 

~aye reTerences 


(hex) 


num. 






0x48 


7:0 


not used 




0x49 


7:1 








0 


component offset 0[16:0] 




0x4A 


7:0 




0x4B 


7:0 






0x4C 


7.0 


not used 




0x4D 


7:1 








0 


component_offset_1 [1 6:0] 




0x4E 


7:0 






UX4r 


/ -U 






0x50 


7:0 


not used 




0x51 


7:1 








0 


component_pffset_2[16:0] 




0x52 


7:0 






0x53 


7:0 






Table A. 17. 10 Buffer configuration registers (contd) 


Addr. 


Bit 


Register Name 


Page references 


(hex) 


num. 






0x2E 


7 ... 4 


PLL resistors 






3... 0 






0x60 


7... 6 


not used 






5... 4 


coding_standard[1 :0] 






3 ... 2 


picture_type[1:0] 






1 


H261_filt 






0 


H261_s_f 




0x61 


7 ... 6 


component_id 






5... 4 


predictionjnode 






3... 0 


max_sampling 




0x62 


7... 0 


samp_h 




0x63 


7 ... 0 


samp_v 





Table A.1 7.11 Test registers 
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Aaar. 
(hex) 


bit 

num. 


Register Name 


Page references 


0x64 


7 ... 0 


back_h 




0x65 


7 ... 0 




0x66 


7... 0 


back_v 




0x67 


7... 0 




0x68 


7... 0 


forw_h 




0x69 


7... 0 




0x6A 


7...0 


forw_v 




0x6B 


7... 0 




0x6C 


7... 0 


width_in_mb 




0x6D 


7 ... 0 





Table A.17.11 Test registers (contd) 
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SECTION A. 18 Temporal Decoder Operation 
A.lt.l Data input 

The input data port of the Temporal Decoder is a 
standard Token Port with 9 bit wide data words. In most 
5 applications, this will be connected directly to the output 
Token Port of the Spatial Decoder, See Section A. 4 for 
more information about the electrical behavior of this 
interface. 

A. 18.2 Automatic configuration 

10 Parameters relating to the coded video's picture format 

are automatically loaded into registers within the Temporal 
Decoder by Tokens generated by the Spatial Decoder, 



15 



Token 


Configuration performed 


COO Z MG_STAMDAJU> 


The coding standard of the Temporal 
Decoder is automatically configured by the 
CODIHG_STAXDAIU) Token. Thi« is generated 
by the Spatial Decoder each time a new 
sequence is started. See Figure 58 


OCPIKE SAMPLING 


The horizontal and vertical chroma 
sampling information for each of the color 
component* ie automatically configured by 
DEFIHE_SAXPLIHG Tokens. 


HORZ ZOKTJLL_KBS 


The horizontal width of pictures in macro 
blocks is automatically configured by 
HORIIOHTAL_KBS Token. 



Table A. 18.1 Configuration of Temporal 
Decoder via Tokens 
A. 18.3 Manual configuration 

The user must configure (via the microprocessor 
interface) application dependent factors. 
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A. 18 * >ra ^ When to configure 

The Temporal Decoder should only be configured when no 
data processing is taking place. This is the default state 
after reset is removed. The Temporal Decoder can be 
stopped to allow re-configuration by writing 1 to the 
chip_access register. After configuration is complete, 0 
should be written to chip__access . 

See Section A . 5 * 3 for details of when to configure the 
DRAM interface. 

A. 18. 3. 2 DRAM interface 

The DRAM interface timing must be configured before it 
is possible to decode predictively coded video (e.g., H.261 
or MPEG). See Section A . 5 , "DRAM Interface". 
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Register Name 




Size/Dir. 




Reset Slate 


Description 


chip_access 


1 


1 


Writing 1 to chip_access requests that the Temporal Decoder halt operation to 
allow re-configuration. The Temporal Decoder will continue operating normally 
until it reaches the end of the current video sequence. After reset is removed 
chip_access=1 i.e. the Temporal Decoder is halted. 

When the chip stops a chip stopped event will occur, if chip__stopped_mask = 1 
an interrupt will be generated. 


chip_stopped_event 


1 


0 


chip_stopped_mask 


1 


0 


count_error_event 


1 

rw 


0 


The Temporal Decoder has an adder that adds predictions to error data. If there 

is a difference between the number of error data bytes and the number of 

prediction data bytes then a count error event is generated. 

If count_error_mask = 1 an interrupt will be generated and prediction forming will 

stop. 

Xhis event should only arise following a hardware error. 


cou nt_erro rjnask 


1 

rw 




picture_buffer_0 


18 


X 


These specify the base addresses for the picture buffers. 


picture_buffer_1 


18 


x 


component__ofFset_0 


17 


X 


These specify the offset from the picture buffer pointer at which each of the 
colour components is stored. Data with component ID = n is stored starting at 
the position indicated by component_offset_n. See A.3.5.1, "Component 
Identification number". 


component_pffset_1 


17 
rw 


X 


component_offset_2 


17 


X 




MPEG_recording 


1 

rw 


0 


Setting this register to 1 makes the Temporal Decoder change the picture order 
from the non-causal MPEG picture sequence to the correct display order by the. 
See A. 18.3.5 . This register should is ignored during JPEG and H.261 operation. 



Table A.1 8.2 Temporal Decoder registers 
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A.1 8.3.3 Numbers in picture buffer registers 

The picture buffer pointers (18 bit) and the component offset 
(17 bit) registers specify a block (8x8 bytes) address, not a byte 
address. 

A.18.3.4 Picture buffer allocation 

To decode predictively coded video (either H.261 or MPEG) 
the Temporal Decoder must manage two picture buffers. See 
Section A. 18.4 and A. 18.4.4 for more information about how these 
buffers are used. 

The user must ensure that there is sufficient memory above 
each of the picture buffer pointers (picture_buffer__0 and 
picture_buffer_1) to store a single picture of the required video 
format (without overlapping with the other picture buffer). 
Normally, one of the picture buffer pointers will be set to 0 (i.e., the 
bottom of memory) and the other will be set to point to the middle 
of the memory space. 

A.1 8.3.4.1 Normal configuration for MPEG or H.261 

H.261 and MPEG both use a 4:1:1 ratio between the 
different color components (i.e., there are 4 times as many 
luminance pels as there are pels in either of the chrominance 
components). 

As documented in Section A.3.5.1 , "Component 
Identification number", component 0 will be the luminance 
component and components 1 and 2 will be chrominance. 

An example configuration of the component offset registers 
is to set component_offset_0 to 0 so that component 0 starts at the 
picture buffer pointer. Similarly, component_offset__1 could be set 
to 4/6 of the picture buffer size and component_offset_2 could be 
set to 5/6 of the picture buffer size. 
A.1 8.3.5 Picture sequence re-ordering 
MPEG uses three different picture types: Intra (I), 
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Predicted (P) and Bidirectionally interpolated (B). B pictures are 
based on predictions from two pictures: one from the future and 
5 one from the past. The picture order is modified at the encoder so 
that I and P picture can be decoded from the coded date before 
they are required to decode B pictures. 

The picture sequence must be corrected before these 
pictures can be displayed. The Temporal Decoder can provide this 

1 0 picture re-ordering (by setting register MPEG_reordering = 1). 
Alternatively, the user may wish to implement the picture re- 
ordering as part of his display interface function. Configuring the 
Temporal Decoder to provide picture re-ordering may reduce the 
video resolution that can be decoded, see Section A. 18.5. 

15 A.18.4 Prediction forming 

The prediction forming requirements of H.261 decoding and 
MPEG decoding are quite different. The CODING_STANDARD 
Token automatically configures the Temporal Decoder to 
accommodate the prediction requirements of the different 

20 standards. 

A.18.4.1 JPEG Operation 

When configured for JPEG operation no predictions are 
performed since JPEG requires no temporal decoding. 
A.1 8.4.2 H.261 Operation 

25 In H.261 , predictions are only from the picture just decoded. 

Motion vectors are only specified to integer pixel accuracy. The 
encoder can specify that a low pass filter be applied to the result of 
any prediction. 

As each picture is decoded, it is written in to a picture buffer 
30 in the off-chip DRAM so that it can be used in decoding the next 
picture. Decoded pictures appear at the output of the Temporal 
Decoder as they are written into the off-chip DRAM. 
For full details of prediction, and the arithmetic 
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operations involved, the reader is directed to the H.261 standard. The Temporal 
Decoder of the present invention is fully compliant with the requirements of H.261. 

A.1 8,4.3 MPEG Operation (without re-ordering) 

5 The operation of the Temporal Decoder changes for each of the three different 

MPEG picture types (I, P and B). 

"I" pictures require no further decoding by the Temporal Decoder, but must be 
stored in a picture buffer (frame store) for later use in decoding P and B pictures. 

Decoding P pictures requires forming predictions from a previously decoded P or 
10 I picture. The decoded P picture is stored in a picture buffer for use in decoding P and 
B pictures. MPEG allows motion vectors specified to half pixel accuracy. On-chip filters 
provide interpolation to support this half pixel accuracy. 

B pictures can require predictions from both of the picture buffers. As with P 
pictures, half pixel motion vector resolution accuracy requires on chip interpolation of the 
15 picture information. B pictures are not stored in the off-chip buffers. They are merely 
transient. 

All pictures appear at the output port of the Temporal Decoder as they are 
decoded. So, the picture sequence will be the same as that in the coded MPEG data 
(see the upper part of Figure 85). 

20 For full details of prediction, and the arithmetic operations involved, the reader is 

directed to the proposed MPEG standard draft. These requirements are met by the 
Temporal Decoder of the present invention. 

A.1 8.4.4 MPEG Operation (with re-ordering) 

When configured for MPEG operation with picture re-ordering 
25 (MPEGjreordering =1), the prediction forming operations are as described above in 
Section A. 18.4.3. However, additional data transfers are performed to re-order the 
picture sequence. 
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B picture decoding is as described in section A. 18.4.3. However, I and P 
pictures are not output as they are decoded. Instead, they are written into the off-chip 
buffers (as previously described) and are read out only when a subsequent I or P 
5 picture arrives for decoding. 

A. 18.4.4.1 Decoder start-up characteristics 

The output of the first I picture is delayed until the subsequent P (or I) picture 
starts to decode. This should be taken into consideration when estimating the start-up 
characteristics of a video decoder. 

10 A. 18.4.4.2 Decoder shut-down characteristics 

The Temporal Decoder relies on subsequent P or I pictures to flush previous 
pictures out of its off-chip buffers (frame stores). This has consequences at the end of 
video sequences and when starting new video sequences. The Spatial Decoder 
provides facilities to create a "fake" l/P picture at the end of a video sequence to flush 
15 out the last P (or I) picture. However, this "fake" picture will be flushed out when a 
subsequent video sequence starts. 

The Spatial Decoder provides the option to suppress this "fake" picture. This 
may be useful where it is known that a new video sequence will be supplied to the 
decoder immediately after an old sequence is finished. The first picture in this new 
20 sequence will flush out the last picture of the previous sequence. 

A. 18.5 Video resolution 

The video resolution that the Temporal Decoder can support when decoding 
MPEG is limited by the memory bandwidth of its DRAM interface. For MPEG, two 
cases need to be considered: with and without MPEG picture re-ordering. 

25 Sections A. 18.5.2 and A. 18.5.3 discuss the worst case requirements required by 

the current draft of the MPEG specification. Subsets of MPEG can be envisioned that 
have 



lower memory bandwidth requirements. For example, using only integer resolution 
motion vectors or, alternatively, not using B pictures, significantly reduce the memory 
bandwidth requirements. Such subsets are not analyzed here. 

5 A.18.5.1 Characteristics of DRAM interface 

The number of cycles taken to transfer data across the DRAM interface depends 
on a number of factors: 

• The timing configuration of the DRAM interface to suite the DRAM employed 

• The data bus width (8, 1 6 or 32 bits) 
10 • The type of data transfer: 

• 8x8 block read or write 

• for prediction to half pixel accuracy 

• for prediction to integer pixel accuracy 

See section A.5, "DRAM Interface", for more information about the detail 
1 5 configuration of the DRAM interface. 



Table A. 18.3 shows how many DRAM interface "cycles" are required for each type 
of data transfer. 



Data bus width 
(bits) 


read or write 8x8 
block 


form prediction (half 
pixel accuracy) 


form prediction 
(integer pixel 
accuracy) 


8 


1 page address + 64 
transfers 


4 page address + 81 
transfers 


4 page address + 64 transfers 


16 


1 page address + 32 
transfers 


4 page address + 45 
transfers 


4 page address + 40 transfers 


32 


1 page address + 16 
transfers 


4 page address + 27 
transfers 


4 page address +24 transfers 



Table A.18.3 Data transfer times for Temporal Decoder 
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Table A. 18.4 takes the figures in Table A. 18.3 and evaluates them for a "typical" 
DRAM. In this example, a 27 MHz clock is assumed. It will be appreciated that while 27 
MHz is used here, it is not intended as a limitation. The access start takes 11 ticks 
5 (1 02ns) and the data transfer takes 6 ticks (56 ns). 

A.1 8.5.2 MPEG resolution without re-ordering 

The peak memory bandwidth load occurs when decoding B pictures. In a "worst 
case" scenario, the B frame may be formed from predictions from both the picture 
buffers with all predictions being to half pixel accuracy. 



Data bus width 
(bits) 


read or write 8x8 
block 


form prediction (half 
pixel accuracy) 


form prediction 
(integer pixel 
accuracy) 


8 


3657 ns 


4907 ns 


3963 ns 


16 


1880 ns 


2907 ns 


2185 ns 


32 


991 ns 


1907 ns 


1741 ns 



10 Table A.18.4 Illustration with "typical" DRAM 

Using the example figures from Table A.18.4, it can be seen that it will take the 
DRAM interface 3815 ns to read the data required for two accurate half pixel accurate 
predictions (via a 32 bit wide interface). The resolution that the Temporal Decoder can 
support is determined by the number of these predictions that can be performed within 
15 one picture time. In this example, the Temporal Decoder can process 8737 8x8 blocks 
in a single 33 ms picture period (e.g., for 30 Hz video). 
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If the required video format is 704 x 480, then each picture contains 7920 8 x8 
blocks (taking into consideration the 4:2:0 chroma sampling). It can be seen that this 
video format consumes approx. 91% of the available DRAM interface bandwidth (before 
5 any other factors such as DRAM refresh are taken into consideration). Accordingly, the 
Temporal Decoder can support this video format. 

A.1 8.5.3 MPEG resolution with re-ordering 

When MPEG picture re-ordering is employed the worst case scenario is 
encountered while P pictures are being decoded. During this time, there are 3 loads on 
1 0 the DRAM interface: 

• form predictions 

• write back the result 

• read out the previous P or I picture 

Using the example figures from Table A. 18.3, we can find the time it takes for 
15 each of these tasks when a 32 bit wide interface is available. Forming the prediction 
takes 1907 ns/n while the read and the write each take 991 ns, a total of 3889 ns. This 
permits the Temporal Decoder to process 8485 8x8 blocks in a 33 ms period. 

Hence, processing 704 x 480 video will use approximately 93% of the available 
memory bandwidth (ignoring refresh). 

20 A.18.5.4 H.261 

H.261 only supports two picture formats CIF (352 x 288) and QCIF (172 x 144) 
at picture rates up to 30 Hz. A CIF picture contains 2376 8 x 8 blocks. The only 
memory operations required are the writing of 8 x 8 blocks and the forming of 
predictions with integer accuracy motion vectors. 

25 Using the example figures from Table A. 18.4 for an 8 bit wide memory interface, 

it can be seen that writing each block will take 3657 ns while forming the prediction for 
one block will take 3963 ns/n, a total of 7620 ns per 
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block. Therefore, the processing time for a single CIF picture is about 18 ms, 
comfortably less than the 33 ms required to support 30 Hz video. 

A.18.5.5 JPEG 

5 The resolution of JPEG "video" that can be supported will be determined by the 

capabilities of the Spatial Decoder of the invention or the display interface. The 
Temporal Decoder does not affect JPEG resolution. 

A. 18. 6 Events and Errors 

A. 18. 6.1 Chip Stopped 

10 In the present invention, writing 1 to chip_access requests that the Temporal 

Decoder halt operation to allow re-configuration. Once received, the Temporal Decoder 
will continue operating normally until it reaches the end of the current video sequence. 
Thereafter, the Temporal Decoder is halted. 

When the chip halts, a chip stopped event will occur. If chip_stopped_mask=1 , 
15 an interrupt will be generated. 

A.1 8.6.2 Count Error 

The Temporal Decoder, of the present invention, contains an adder that adds 
predictions to error data. If there is a difference between the number of error data bytes 
and the number of prediction data bytes, then a count error event is generated. 

20 If count_error_mask = 1 an interrupt will be generated and forming prediction will 

stop. 

Writing 1 to count_error_event clears the event and allows the Temporal 
Decoder to proceed. The DATA Token that caused the error will then proceed. 
However, the DATA Token that caused the error will not be of the correct length (64 
25 bytes). This is likely to cause further problems. Thus, a count error should only arise if 
a significant hardware error has occurred. 



359 



SECTION A.19 Connecting to the output of the 

Temporal Decoder 

The output of the Temporal Decoder is a standard Token Port with 8 bit wide 
5 data words. See Section A.4 for more information about the electrical behavior of the 
interface. 

The Tokens present at the output of the Temporal Decoder will depend on the 
coding standard employed and, in the case of MPEG, whether the pictures are being re- 
ordered. This section identifies which of the Tokens are available at the output of the 
10 Temporal decoder and which are the most useful when designing circuits to display that 
output. Other Tokens will be present, but are not needed to display the output and, 
therefore they are not discussed here. 

This section concentrates on showing: 

• How the start and end of sequences can be identified. 
15 • How the start and end of pictures can be identified. 

• How to identify when to display the picture. 

• How to identify where in the display the picture data should be placed. 
A.19.1 JPEG output 

The Token sequence output by the Temporal Decoder when decoding JPEG 
20 data is identical to that seen at the output of Spatial Decoder. Recall, JPEG does not 
require processing by the Temporal Decoder. However, the Temporal Decoder tests 
intra data Tokens for negative values (resulting from the finite arithmetic precision of the 
IDCT in the Spatial Decoder) and replaces them with zero. 

See Section A. 16 for further discussion of the output sequence observed during 
25 JPEG operation. 



A.1 9.2 H.261 Output 
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A.1 9.2.1 Start and end of sessions 

5 H.261 doesn't signal the start and end of the video stream within the video data. 

Nevertheless, this is implied by the application. For example, the sequence starts when 
the telecommunication connection is made and ends when the line is dropped. Thus, 
the highest layer in the video syntax is the "picture layer". 

The Start Code Detector of the Spatial Decoder in accordance with the invention, 
10 allows SEQUENCE_START and CO D I NG_STAN D ARD Tokens to be inserted 
automatically before the first P I CTU RE_START. See sections A. 1 1 .7.3 and A. 1 1 .7.4. 

At the end of an H.261 session (e.g., when the line is dropped) the user should 
insert a FLUSH Token after the end of the coded data. This has a number of effects 
(see Appendix A.31 . 1 : 

15 • It ensures that PICTURE_END is generated to signal the end of the last picture. 

• It ensures that the end of the coded data is pushed through the decoder. 

A.1 9.2.2 Acquiring pictures 

Each picture is composed of a hierarchy of elements referred to as layers in the 
syntax. The sequence of Tokens at the output of the Temporal Decoder when decoding 
20 H.261 reflects this structure, 

A.1 9.2.1 Picture layer 

Each picture is preceded by a PICTURE_START Token and each is immediately 
followed by a PICTURE_END Token. H.261 doesn't naturally contain a picture end. 
This Token is inserted automatically by the Start Code Detector of the Spatial Decoder. 

25 After the PICTURE_START Token, there will be TEMPORAL_REFERENCE and 

PICTURE TYPE Tokens. The 
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TEMPORALJREFERENCE Token carries a 10 bit number (of which only the 5 LSBs are 
used in H.261) that indicates when the picture should be displayed. This should be 
5 studied by any display system as H.261 encoders can omit pictures from the sequence 
(to achieve lower data rates). Omission of pictures can be detected by the temporal 
reference incrementing by more than one between successive pictures. 

Next, the PICTUREJTYPE Token carries information about the picture format. A 
display system may study this information to detect if CIF or QCIF pictures are being 
10 decoded. However, information about the picture format is also available by studying 
registers within the Huffman decoder. 

<Xref to Huffman decoder section> 

A. 19.2.2.2 Group of Blocks Layer 

Each H.261 picture is composed of a number of "groups of blocks". Each of 
15 these is preceded by a SLICE_START Token (derived from the H.261 group number 
and group start code). This Token carries an 8 bit value that indicates where in the 
display the group of blocks should be placed. This provides an opportunity for the 
decoder to resynchronize after data errors. Moreover, it provides the encoder with a 
mechanism to skip blocks if there are areas of a picture that do not require additional 
20 information in order to describe them. By the time SLICE_START reaches the output of 
the Temporal Decoder, this information is effectively redundant as the Spatial Decoder 
and Temporal Decoder have already used the information to ensure that each picture 
contains the correct number of blocks and that they are in the correct positions. Hence, 
it should be possible to compute where to position a block of data output by the 
25 Temporal Decoder just by counting the number of blocks that have been output since 
the start of the picture. 

The number carried by SLICE_START is one less than the 
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H.261 group of blocks number (see the H.261 standard for more information). Figure 94 
shows the positioning of H.261 groups of blocks within CIF and QCIF pictures. NOTE: 
in the present invention, the block numbering shown is the same as that carried by 
5 SLICE_START. This is different from the H.261 convention for numbering these 
groups. 

Between the SLICE_START (which indicates the start of each group of blocks) 
and the first macroblock there may be other Tokens. These can be ignored as they are 
not required to display the picture data. 



10 
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A.1 9.2-2.3 Macroblock layer 

The sequence of macroblocks within each group of blocks is defined by H.261. 
5 There is no special Token information describing the position of each macroblock. The 
user should count through the macroblock sequence to determine where to display each 
piece of information. 

Figure 96 shows the sequence in which macroblocks are placed in each group of 

blocks. 

10 Each macroblock contains 6 DATA Tokens. The sequence of DATA Tokens in 

each group of 6 is defined by the H.261 macroblock structure. Each DATA Token 
should contain exactly 64 data bytes for an 8x8 area of pixels of a single color 
component. The color component is carried in a 2 bit number in the DATA Token (see 
section A.3.5.1). However, the sequence of the color components in H.261 is defined. 

1 5 Each group of DATA Tokens is preceded by a number of Tokens communicating 

information about motion vectors, quantizer scale factors and so forth. These Tokens 
are not required to allow the pictures to be displayed and, thus, can be ignored. 

Each DATA Token contains 64 data bytes for an 8x8 of a single color 
component. These are in a raster order. 

20 A.19.3 MPEG output 

MPEG has more layers in its syntax. These embody concepts such as a video 
sequence and the group of pictures. 

A.1 9-3.1 MPEG Sequence layer 

A sequence can have multiple entry points (sequence starts) but should have 
25 only a single exit point (sequence end). When an MPEG sequence header code is 
decoded, the Spatial Decoder generates a CO D I N G_STAN D AR D Token followed by a 
SEQUENCE_START Token. 

After the SEQUENCE_START, there will be a number of 
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Tokens of sequence header information that describe the video format and the like. 
See the draft MPEG standard for the information that is signalled in the sequence 
header and Table A.3.2 for information about how this data is converted into Tokens. 
5 This information describing the video format is also available in registers in the Huffman 
decoder. 

This sequence header information may occur several times within an MPEG 
sequence, if that sequence has several entry points. 

A. 19.3.2 Group of pictures layer 

10 An MPEG group of pictures provides a different type of "entry" point to that 

provided at a sequence start. The sequence header provides information about the 
picture/video format. Accordingly, if the decoder has no knowledge of the video format 
used in a sequence, it must start at a sequence start. However, once the video format 
is configured into the decoder, it should be possible to start decoding at any group of 

1 5 pictures. 

MPEG doesn't limit the number of pictures in a group. However, in many 
applications a group will correspond to about 0.5 seconds, as this provides a reasonable 
granularity of random access. 

The start of a group of pictures is indicated by a GROUP_START Token. The 
20 header information provided after GROUP_START includes two useful Tokens: 
TIME_CODE and BROKEN_CLOSED. 

TIME_CODE carries a subset of the SMPTE time code information. This may be 
useful in synchronizing the video decoder to other signals. BROKEN_CLOSED carries 
the MPEG closed_gap and brokenjink bits. See Section A. 19.3.8 for more on the 
25 implications of random access and decoding edited video sequences. 
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A.1 9-3.3 Picture layer 

The start of a new picture is indicated by the P I CTU RE_START Token. After 
this Token, there will be TEMPORAL_REFERENCE and PICTURE_TYPE Tokens. The 
temporary reference information may be useful if the Temporal Decoder is not 
configured to provide picture re-ordering. The picture type information may be useful if 
a display system wants to specially process B pictures at the start of an open GOP (see 
Section A.1 9.3.8). 

Each picture is composed of a number of slices. 
A.1 9.3.4 Slice layer 

Section A. 19.2.2.2 discusses the group of blocks used in H.261. The slice in 
MPEG serves a similar function. However, the slice structure is not fixed by the 
standard. The 8 bit value carried by the SLICE_START Token is one less than the 
"slice vertical position" communicated by MPEG. See the draft MPEG standard for a 
description of the slice layer. 

By the time SLICE_START reaches the output of the Temporal Decoder, this 
information is effectively redundant since the Spatial Decoder and Temporal Decoder 
have already used the information to ensure that each picture contains the correct 
number of blocks in the correct positions. Hence, it should be possible to compute 
where to position a block of data output by the Temporal Decoder just by counting the 
number of blocks that have been output since the start of the picture. 

See section A. 19.3.7 for discussion of the effects of using MPEG picture re- 
ordering. 

A.1 9.3.5 Macroblock layer 

Each macroblock contains 6 blocks. These appear at the output of the Temporal 
Decoder in raster order (as specified by the draft MPEG specification). 
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A.1 9.3.6 Block layer 

Each macroblock contains 6 DATA Tokens. The sequence of DATA Tokens in 
each group of 6 is defined by the draft MPEG specification (this is the same as the 
5 H.261 macroblock structure). Each DATA token should contain exactly 64 data bytes 
for an 8 x 8 area of pixels of a single color component. The color component is carried 
in a 2 bit number in the DATA Token (see A.3.5.1). However, the sequence of the color 
components in MPEG is defined. 

Each group of DATA Tokens is preceded by a number of Tokens communicating 
10 information about motion vectors, quantizer scale factors, and so forth. These Tokens 
are not required to allow the pictures to be displayed and, therefore, they can be 
ignored. 

A.1 9.3.7 Effect of MPEG picture re-ordering 

As described in A.1 8.3.5, the Temporal Decoder can be configured to provide 
15 MPEG picture re-ordering (MPEGjreordering=1). The output of P and I pictures is 
delayed until the next P/l picture in the data stream starts to be decoded by the 
Temporal Decoder. At the output of the Temporal Decoder the DATA Tokens of the 
newly decoded P/l picture are replaced with DATA Tokens from the older P/l picture. 

When reordering P/l pictures, the PICTURE_START, 
20 TEMPORAL_REFERENCE and PICTUREJTYPE Tokens of the picture are stored 
temporarily on-chip as the picture is written into the off-chip picture buffers. When the 
picture is read out for display, these stored Tokens are retrieved. Accordingly, re- 
ordered P/l pictures have the correct values for PICTURE_START, 
TEMPORALJREFERENCE and PICTUREJTYPE. 

25 All other tokens below the picture layer are not re-ordered. As the re-ordered P/l 

picture is read-out for 
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display it picks up the lower level non-DATA tokens of the picture that has just been 
decoded. Hence, these sub-picture layer Tokens should be ignored. 

A. 19.3.8 Random access and edited sequences 

5 The Spatial Decoder provides facilities to help correct video decoding of edited 

MPEG video data and after a random access into MPEG video data. 

A.1 9.3.8.1 OpenGOPs 

A group of pictures (GOP) can start with B pictures that are predicted from a P 
picture in a previous GOP. This is called an "open GOP". Figure 107 illustrates this. 
1 0 Pictures 17 and 18 are B pictures at the start of the second GOP. If the GOP is "open", 
then the encoder may have encoded these two pictures using predictions from the P 
picture 16 and also the I picture 19. Alternatively, the encoder could have restricted 
itself to using predictions from only the I picture 19. In this case, the second GOP is a 
"closed GOP". 

15 If a decoder starts decoding the video at the first GOP, it will have no problems 

when it encounters the second GOP even if that GOP is open since it will have already 
decoded the P picture 16. However, if the decoder makes a random access and starts 
decoding at the second GOP it cannot decode B17 and B18 if they depend on P16 (i.e., 
if the GOP is open). 

20 If the Spatial Decoder of the present invention encounters an open GOP as the 

first GOP following a reset or it receives a FLUSH Token, it will assume that a random 
access to an open GOP has occurred. In this case, the Huffman decoder will consume 
the data for the B pictures in the normal way. However, it will output B pictures 
predicted with (0,0) motion vectors off the I picture. The result will be that pictures B17 

25 and B18 (in the example above) will be identical to 119. 
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This behavior ensures correct maintenance of the MPEG VBV rules. Also, it 
ensures that B pictures exist in the output at positions within the output stream expected 
by the other data channels. For example, the MPEG system layer provides presentation 
time information relating audio data to video data. The video presentation time stamps 
refer to the first displayed picture in a GOP, i.e., the picture with temporal reference 0. 
In the example above, the first displayed picture after a random access to the second 
GOP is B17. 

The BROKEN_CLOSED Token carries the MPEG closed_gop bit. Hence, at the 
output of the Temporal Decoder it is possible to determine if the B pictures output are 
genuine or "substitutes" have been introduced by the Spatial Decoder. Some 
applications may wish to take special measures when these "substitute" pictures are 
present. 

A.1 9.3.8.2 Edited video 

If an application edits an MPEG video sequence, it may break the relationship 
between two GOPs. If the GOP after the edit is an open GOP it will no longer be 
possible to correctly decode the B pictures at the beginning of the GOP. The 
application editing the MPEG data can set the brokenjink bit in the GOP after the edit 
to indicate to the decoder that it will not be able to decode these B pictures. 

If the Spatial Decoder encounters a GOP with a broken link, the Huffman 
decoder will decode the data for the B pictures in the normal way. However, it will 
output B pictures predicted with (0,0) motion vectors off the I picture. The result will be 
that pictures B17 and B18 (in the example above) will be identical to 119. 

The BROKEN_CLOSED Token carries the MPEG brokenjink bit. Hence, at the 
output of the Temporal Decoder it is possible to determine if the B pictures output are 
genuine 
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or "substitutes" that have been introduced by the Spatial Decoder. 
Some applications may wish to take special measures when 
these "substitute" pictures are present. 
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SECTION A.20 Late Write DRAM Interface 

The interface is configurable in two ways: 

The detail timing of the interface can be configured to accommodate a variety of 
different DRAM types 

The "width" of the DRAM interface can be configured to provide a 
cost/performance trade-off 



Signal Name 



DRAM_data[31:0] 



Input/ 
Output 



I/O 



Description 



The 32 bit wide DRAM data bus. Optionally this bus can be configured to 
be 1 6 or 8 bits wide. 



DRAM_addr[10:0] 



RAS 



CAS[3:0J 



WE 



OE 



The 22 bit wide DRAM interface address is time multiplexed over this 1 1 
bit wide bus. 



The DRAM Row Address Strobe signal 



The DRAM Column Address Strobe signal. One signal is provided per 



byte of the interface's data bus. All the CAS signals are driven 
simultaneously. 



The DRAM Write Enable signal 



The DRAM Output Enable signal 



DRAM_enable 



This input signal, when low, makes all the output signals on the interface 
go high impedance and stops activity on the DRAM interface 



Table A. 20.1 DRAM interface signals 



Register name 






Description 


size/ 
dir. 


Reset 
State 


Modify_DRAM_timing 


1 bit 
rw 


0 


This function enable register allows access to the DRAM interface 
timing configuration registers. The configuration registers should not 
be modified while this register holds the values zero. Writing a one to 
this register requests access to modify the configuration registers. 
After a zero has been written to this register the DRAM interface will 
start to use the new values in the timing configuration registers. 
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page_start_length 


5 bit 
rw 


0.00 


Specifies the length of the access start in ticks. The minimum value 
that can be used is 4 (meaning 4 ticks). 0 selects the maximum length 
of 32 ticks. 


read_cycle_length 


A hit 

rw 


0 00 


Specifies the length of the fast page read cycle in ticks. The minimum 
value that can be used is 4 (meaning 4 ticks). 0 selects the maximum 
length of 16 ticks. 


write_cycle_length 


A hit 
*t Oil 

rw 


U.UU 


^n^rifiPQ the* lenath of the fast oaae late write cvcle in ticks. The 
minimum value that can be used is 4 (meaning 4 ticks). 0 selects the 
maximum length of 1 6 ticks. 


refresh_cycle_length 


yl Kit 

*t DII 

rw 


u.uu 


Qn^nifioct the* lennth nf the* refresh cvcle in ticks The minimum value 

OUCUilCO LI IC iGliyill Vl LI IC IdlWOII ^sj v'v ■■ ■ UVsIV^. ■ iiiiiiiiiiuiii wwiuw 

that can be used is 4 (meaning 4 ticks). 0 selects the maximum length 
of 16 ticks. 


RAS_falling 


4 bit 
rw 


0.00 


Specifies the number of ticks after the start of the access start that 
falls. The minimum value that can be used is 4 (meaning 4 ticks). 0 
selects the maximum length of 16 ticks. 


CAS_falling 


4 bit 
rw 


8 


Specifies the number of ticks after the start of a read cycle, write cycle 

or access start that CAS falls. The minimum value that can be used 
is 1 (meaning 1 tick). 0 selects the maximum length of 16 ticks. 


DRAM_data_width 


2 bit 
rw 


0.00 


Specifies the number of bits used on the DRAM interface data bus 
DRAM_data[31 :0]. See A.20.4 . 


row_address_bits 


0 hit 
£. Dll 

rw 


u.uu 


cinprifuaQ the number nf bite used for the row address Dortion of the 
DRAM interface address bus. See A.20.5 . 


DRAM_enable 


1 bit 
rw 


1 


Writing the value 0 in to this register forces the DRAM interface into a 
high impedance state. 0 will be read from this register if either the 
DRAM_enable signal is low or 0 has been written to the register. 



Table A.20.2 DRAM Interface configuration registers (contd) 



372 



Register name 


size/ 
dir. 


Reset 
State 


Description 


refreshjnterval 








no refresh 


8 bit 
rw 


0.00 


This value specifies the interval between refresh cycles in periods of 
16 decoder_clock cycles. Values in the range 1 „255 can be 
configured. The value 0 is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles until a valid 
refresh interval is configured. It is recommended that refresh_interval 
should be configured only once after each reset. 


CAS_strength 


1 bit 
rw 


0.00 


Writing the value 1 to this register prevents execution of any refresh 
cycles 


RAS_strength 
addr_strength 
DRAM_data_strength 
OEWE_strength 


3 bit 
rw 


6 


These three bit registers configure the output drive strength of DRAM 
interface signals. This allows the interface to be configured for various 
different loads. 

See A.20.8 . 



Table A.20.2 DRAM Interface configuration 
registers (contd) 
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A.20.f- Interface timing (ticks) 

In the present invention, the DRAM interface timing is 
derived front a clock which is running at four times the 
input clock rate of the device (decoder_clock) * This clock 
-5 is generated by an on-chip PLL . 

For brevity, periods of this high speed clock are 
referred to as ticks. 
A, 20* 2 Interface operation 

The interface uses of the DRAM fast page mode. Three 
10 different types of access are supported; 

* Read 

* Write 

* Refresh 

Each read or write access transfers a burst of between 1 
15 and 64 bytes at a single DRAM page address. Read and write 
transfers are not mixed within a single access. Each 
successive access is treated as a random access to a new 
DRAM page. 

A. 20. 3 Access structure 

20 Each access is composed of two parts: 

* Access start 

* Data transfer 

Each access starts with an access start and is followed 
by one or more data transfer cycles. There is a read, 
25 write and refresh variant of both the access start and the 
data transfer cycle. 

At the end of the last data transfer in an access the 
interface enters it's default state and remains in this 
state until a new access is ready to start. If a new 
30 access is ready to start when the last access finishes, 
then the new access will start immediately. 
A- 2 0.3.1 Access start 

The access start provides the page address for the read 
or write transfers and establishes some initial signal 



conditions. There are three different access starts: 

• Start of read 

• Start of write 

• Start of refresh 

In each case the timing of RAS and the row address is 
controlled by the registers RAS_falling and 
page_start_length. The state of 61 and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until RAS 
falls. The three different access start types are only 
different in how they drive 61 and DRAM_data[31: 0] when RAS 
falls. See Figure 109. 



Num. 


Characteristic 


Min. 


Max. 


Untt no:«s 


1 « t 
jS 1 


RAS precnarge period set by register RAS Jailing 


* 1 




zck . ; 


39 j 


Access start curaaon set by register pa ge.startjengtn 


4 




40 1 £Z5 precha/ge iengtn set by register CAS Jailing. 


1 






4! 


Fast page read cycle lengm set by tne register 
read_cycle Jength. 


4 


15 


f ' 


42 


Fast page write cycle lengtft set by tne register 
write _cycle Jength. 


4 




• 


i 


wl fails one tick after CAS. 








4-i 


| Refresh cycle lengin set oy tne register refresh .cycle. 


! 4 


15 





Table A. 20 * 3 Access start parameters 

a. This value must be less than RAS_f ailing to ensure 
CAS before RAS refresh occurs. 
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A.20.i^2^ Data transfer 

There are three different types of data transfer cycle: 

* Fast page read cycle 

• Fast page late write cycle 
5 * Refresh cycle 

A start of refresh is only followed by a single refresh 
cycle. A start of read (or write) can be followed by one 
or more fast page read (or write) cycles. 

At the start of the read cycle CSST is driven high and 
10 the new column address is driven. 

A late write cycle is used. WE is driven low one tick 
after CAS . The output data is driven one tick after the 
address . 

As a CAS before RAS refresh cycle is initiated by the 
15 start of refresh cycle, there is no interface signal 
activity during a refresh cycle. The purpose of the 
refresh cycle is to meet the minimum TtXS low period 
required by the DRAM . 
A. 20. 3. 3 Interface default state 
20 The interface signals enter a default state at the end 

of an access: 

RAS, CXS* ana TTE high 
•data and OE remain in their previous state 
* addr remains stable 
2 5 A. 2 0. 4 Data bus width 

The two bit register DRAM_data_width allows the width of 
the DRAM interfaces data path to be configured. This 
allows the DRAM cost to be minimized when working with 
small picture formats . 
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ORAM_data width 





j a bit wide data ous on DRAM_data(3l:24]°. 


t 


16 bit wide data bus on OflAM.datapiilS}^. 


2 




32 bit wia« data Ous on ORAM_data(31:0|. 



Table A, 2 0,4 Configuring DRAM_data_vidth 

a. Default after reset. 

b. Unused signals are held high impedance. 
A . 2 0 . 5 Address bits 

5 On-chip, a 24 bit address is generated. How this 

address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits 
selected for the row address. Some configurations do not 
permit all the internal address bits to be used (and) 
10 therefore, produce "hidden bits). 

The row address is extracted from the middle portion of 
the address. This maximizes the rate at which the DRAM is 
naturally refreshed . 

A. 2 0.5.1 Low order column address bits 

15 The least significant 4 to 6 bits of the column address 

are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
control these transfers will depend on the width of the 
data bus (see A. 20. 4). 
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A. 20, 5-72-^ Row address bits * ' 

The number of bits taken from the middle section of the 
24 bit internal address to provide the row address is 
configured by the register row_address_bits . 





Wiflin of row actress 


1° 


9 bits 


t 


'< 


10 bits 


2 


1 i bits : 



5 Table A. 20. 5 Configuring rov_address_bits 

The width of row address used will depend on the type of 
DRAM used and whether the MSBs of the row address are 
decoded off-chip to access multiple banks of DRAM, 

NOTE: The row address is extracted from the middle of 
10 the internal address. If some bits of the row address are 
decoded to select banks of DRAM, then all possible values 
of these "bank select bits" must select a bank of DRAM. 
Otherwise, holes will be left in the address space. 
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row - addre«_&its 


row address iits 


bank select 


C^.AW deotn j 




OrUM_aadr{a.Cl 






I 


OPAM_addr{8;0I 


OflAM.adCfJS] 


2S5'< ) 




OflAM_addf(9.0J 




512k I 




O?UM_addr(9;0] 


102^ ; 


2 


CSAM.addrfa.Ol 


DRAM,addrnO:9) 


2SSk ; 




CPAM_addr(9.C| 


ORAM_addrtlC] 


S12H i 


j 


3flAM_aetir(9.Cl 


CPAM,addr(iO| 




j 


OPAM.addr(:o.Cl 




20-13* 


i 

1 


03AM.addr(10:01 







Table A. 20* 6 Selecting a value for rov_address_bits 

A, 2 0.6 DRAM Interface enable 

There are two ways to. make all the output signals on the 
DRAM interface become high impedance* The DRAM_enable 
5 register and the DRAM_enable signal. Both the register and 
the signal must be at a logic 1 for the DRAM interface to 
operate. If either is low, then the interface is taken to 
high impedance and data transfers through the interface are 
halted. 

10 The ability to take the DRAM interface to high impedance 

is provided in order to allow other devices to test or to 
use the DRAM controlled by the Spatial Decoder (or the 
Temporal Decoder) when the Spatial Decoder (or the Temporal 
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Decoder:) ^is not in use. It is not intended to allow other 
devices to share the memory during normal operation. 
A. 2 0 . 7 Refresh 

I'nless disabled by writing to the register, no_refresh, 
che DRAM interface will automatically refresh the DRAM 
using a CAS before !CKS m refresh cycle at an interval 
determined by the register ref resh_interval . 

The value in ref resh_interval specifies the interval 
between refresh cycles in periods of 16 decoder_clock 
cycles. Values in the range 1 to 255 can be configured. 
The value 0 is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles 
(once enabled) until a valid refresh interval is 
configured. It is recommended that ref resh_interval should 
be configured only once after each reset. 
A. 20. a signal strengths 

The drive strength of the outputs of the DRAM interface 
can be configured by the user using the 3 bit registers, 
CAS^strength, RAS_strength , addr_strength , 

DRAM_data_strengnh, OEWE_strength . The MSB of this 3 bit 
value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances . 

The default strength after reset is 6, configuring the 
outputs to take approximately 10 ns to drive signal between 
GND and V no if loaded with 12 p F. 



380 


f 

strengtn value 


Drive characteristics 


0 


| Aoprox, 4 nsV mto 6 pf load 


1 1 Approx. 4 ns/V into 12 of toad 


! 2 


Approx. 4 ns/V into 24 pf load 


' 3 

1 


Aoprox. 4 ns/V into *8 0/ ioad 


4 


Approx. 2 ns/V into 6 pf load 


5 


Approx. 2 ns/V m(o 12 pf load 



strength value 


Ortve cftaraciensurs 




Approx. 2 ns/V into 24 pf load 


7 


Approx. 2 ns/V into 46 0/ load j 



Table A* 2 0 • 7 Output strength configurations 

a. Default after reset 



When an output is configured approximately for the load 
it is driving, it will meet the AC electrical 
characteristics specified in Tables A. 20. 11 to Table 
A. 20. 12. When appropriately configured each output is 
approximately matched to it's load and, therefore, minimal 
overshoot will occur after a signal transition. 
A* 2 0.9 After reset 

After reset, the DRAM interface configuration registers 
are all reset to their default values. Most significant of 
these default configurations are: 

•The DRAM interface is disabled and allowed to go high 

impedance . 

•The refresh interval is configured to the special 
.value 0 which means execute refresh cycle continuously 
after the interface is re-enabled. 

The DRAM interface is set to it's slowest 
conf iguration . 

Most: DRAMs require a "pause" of between 100ms and 500^s 
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after"po$er is first applied, followed by a number of 
refresh cycles before normal operation is possible. 

Immediately after reset, the DRAM interface is inactive 
until both the DRAM_enable signal and the DRAMjsnable 
5 register are set. When these have been set, the DRAM 

interface will execute refresh cycles (approximately every 
400 ns, depending upon the clock frequency used) until the 
DRAM interface is configured. 

The user is responsible for ensuring that the DRAM's 
10 "pause" after power_up and for allowing sufficient time 
after enabling the DRAM interface to ensure that the 
required number of refresh cycles have occurred before data 
transfers are attempted. 

While reset is asserted, the DRAM interface is unable to 
15 refresh the DRAM. However, the reset time required by the 
decoder chips is sufficiently short so that is should be 
possible to reset them and to then re-enable the DRAM 
interface before the DRAM contents decay. This may be 
required during debugging. 



Symbol 


Parameter 


Min. 


Ma*. 


Units 

i 


v 00 


Supply voltage reiatrve to GNO 


-0.5 


S.S | v | 


Vim 


fnotit vottage on any ptn 


GNO - 0.5 


Vqo-0.5 


V 


T a 


Operating temperature 


-to 


*85 | -C 


T S 


Storage temperature 


-55 


+150 «C 



20 



Table &* 20 „ 8 Maximum Ratings* 
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Symbol 


Parameter 


Min, 


Max. 


Units 




Suooiy voltage relative to GND 


4.75 


5.2S j V 


GNO 


Ground 


0 


o | v 




input 'ogic *v voltage 


2.0 


V 00 ^5 J V 




input logic *0* voltage 


GNO - 0.S 


0.8 | V 




Operating temperature 


0 


70 


'C 4 



Table A . 2 0 • 9 DC Operating conditions 

a. With TBA linear ft/min transverse airflow 



Symbol 


Parameter 


Min. 


Max. 


Units ! 




Output logic '0* voltage 




0.4 


v* : 




Output logic V voltage 


2.8 


i V 

f 


*o 


Output current 


i 100 




UA> ! 


<OZ 


Output off siate leakage current 


* 20 


I 


ha ; 


»12 


Input leakage current 


i 10 




'OC 


RMS pow«r supply current 




500 j 


mA ; 


Om 


input capacitance 




s I 


of ! 


Symool 


Parameter 


Min. 


Max. 


Units j 


Coot 


Outout / to capacitance 




pf j 



Table A.20.10 DC Electrical characteristics (contd) 



Table A. 20* 10 DC Electrical characteristics 

a. AC parameters are specified using V OUux =0.8V as 
the measurement level. 

b. This is the steady state drive capability of the 
interface. Transient currents may be much 
greater . 
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A.20.f0,2 AC characteristics 



Num. 


; Parameter 


Mm, 


VIA*. 


t Unit 


! Note * ; 


-15 


Cycle Ume e.g. (PC 


-2 




; .-S 


1 1 


46 


Cycle Ume e.g. tRC 


-2 


-2 


ns 


: 


47 


High pulse e.g. tRP, tCP, tCPN 


•5 




ns 


l 


48 


Low pulse e.g. tflAS. rCAS, tCAC, (WP, 
tflASP. IP.ASC 


• 11 




ns 




49 


Cycle ame e.g. iACP/:C?A 


-3 


*2 


ns 





Table A.20.11 Differences from nominal values for a strobe 



Table A.20.11 Differences from nominal values for a strobe 

a. The driver strength of the signal must be 
configured appropriately for its load 



Mum. 


Parameter 


i i • - 
Mm. 1 Max. [ Unit 1 Note * 
i ' 


50 Strooe to strobe deUy e.g. tflCO. tCSR -3 j -3 j ns | ] 


51 


Low hold time e.g. tRSH. tCSH. tRWL. 
tCWU IRAC. lOAC/OE, tCHR 


•13 




ns 




52 


Strooe to strobe precnarge e.g. rCRP, 
tRCS. tflCH, iflRH, tflPC 


-9 


t3 


ns 




CAS precfiarge pulse between any two 
CAS signafs on wide ORAMs e.g. rCP, of 
between RAS rising and CAS latling e.g. 
tRPC 


♦5 


-2 


ns 





Table A.2Q.12 Differences from nominal values between two strobes 



Table A. 20. 12 Differences from nominal 
values between two strobes 
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Num. 


Parameter 


Min. 


Max. 


Unit 


Note * 


53 


Precnarge oe/ore disaa(« e.g. tRHC?/ 
C?PH 


•t2 


*3 


ns 


1 

1 
i 



Table A, 20, 12 Differences from nominal 
values between two strobes (contd) 

The driver strength of the two signals must be 
configured appropriately for their loads 
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SECTION B.l Start Code Detector 

B. 1. 1 Overview 

As previously shown in Figure 11, the Start Code Detector 
(SCD) is the first block on the Spatial Decoder. Its 
primary purpose is to detect MPEG, JPEG and H.261 start 
cedes in the input data stream and to replace them with 
relevant Tokens, It also allows user access to the input 
data stream via the microprocessor interface, and performs 
preliminary formatting and "tidying up H of the token data 
stream. Recall, the SCD can receive either raw byte data 
or data already assembled in Token format. 

Typically, start codes are 24, 16 and 8 bits wide for 
MPEG, H.261, and JPEG, respectively. The Start Code 
Detector takes the incoming data in bytes, either from the 
Microprocessor Interface (upi) or a token/byte port and 
shifts it through three shift registers. The first 
register is an 8 bit parallel in serial out, the second 
register is of programmable length (16 or 24 bits) and is 
where the start codes are detected, and the third register 
is 15 bits wide and is used to reformat the data into 15 
bit tokens. There are also two "tag" Shift Registers (SR) 
running parallel with the second and third SRs. These 
contain tags to indicate whether or not the associated bit 
in the data SR is good. Incoming bytes that are not part 
of a * DATA Token and are unrecognized by the SCD, are 
allowed to bypass the shift registers and are output when 
all three shift registers are flushed (empty) and the 
contents output successfully. Recognized non-data tokens 
are used to configure the SCD, spring traps, or set flags. 
They also bypass the shift registers and are output 
unchanged. 
B.l.2 Major Blocks 

The hardware for the Start Code Detector consists of 10 
state machines. 

B. 1.2.1 Input Circuit (scdipc. sch. iplm.M) 

The input circuit has three modes of operation: token, 
byte and microprocessor interface. These modes allow data 
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to be input either as a raw byte stream (but still using 
the two-wire interface) , as a token stream, or by the user 
via the upi. in all cases, the input circuit will always 
output the correct DATA Tokens by generating DATA Token 
headers where appropriate. Transitions to and from upi 
mode are synchronized to the system clocks and the upi may 
be forced to wait until a safe point in the data stream 
before gaining access. The Byte mode pin determines 
whether the input circuit is in token or byte mode. 
Furthermore, initially informing the system as to which 
standard is being decoded (so a CODING_STANDARD Token can 
be generated) can be done in any of the three modes. 
B. 1.2.2 Token decoder (scdipnew. sch, scdipnem.M) 

This block decodes the incoming tokens and issues 
commands to the other blocks. 
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Table B.1.1. Recognized input tokens 



Incut Token 


Command 
issued 


Comments 


NULL 


WAIT 


MULLs are f°movpf! 


DATA 


NORMAL 


Load next byte into first SR 


COOING_STD 


8YPASS 


Ftusn sriift registers, perform pascirc;. cusut 
and switch ;o byoass moda.Lcaa 
CCOING.STANOARO register. 


FLUSH 


BYPASS 


Rusn SRs H\\t\ padding, cutcu and s'**tcr. :o 
bypass mode. 


ELSE 

(unreccgr.ised tofcftn) 


BYPASS 


Rush Sfis wttn padding, output and swijc.i :o 
bypass mode. 



Note: A change in coding standard is passed to all 
blocks via the two-wire interface after the SRs are 
flushed. This ensures that the change from one data stream 
to another happens at the correct point throughout the SCD. 
This principle is applied throughout the presentation so 
that a change in the coding standard can flow through the 
whole chip prior to the new stream. 
B.l.2.3 JPEG (scdjpeg.sch scdjpegm.M) 

Start codes (Markers) in JPEG are sufficiently different 
that JPEG has a state machine all to itself. in the 
present invention, this block handles all the JPEG marker 
detection, length counting/checking, and removal of data. 
Detected JPEG markers are flagged as start codes (with 
v_not_t - see later text) and the command from scdipnew is 
overridden and, forced to bypass. The operation is best 
described in code. 

switch (state) 

( 

case (LOOKING): 
if (input = OxfD 
{ 

state = GET VALUE; /-Found a marker-/ 
remove; f* Marker gets removed"/ 

} 

else 
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state = LOOKING; 
break; — ^ 
case (GETVALUE); 
if (input == OxfT) 

{ 

State = GETVALUE; /-Overlapping markers*/ 
remove; 

} 

else if (input — 0x00) 
{ 

state = LOOKING;/* Wasn't a marker*/ 
insert(OxfT); /*Put the OxfT back*/ 

} 

else 

{ 

command = BYPASS; /*override command*/ 
ifOc) /* Does the marker have a length count*/ 

state = GETLCQ; 
else 

state = LOOKING; 
break; 

case (GETLCO): 

loadlcO; /*Load the top length count byte*/ 

state = G£TLC1; 

remove; 
break; 

case CGETLC1) 
loadicl; 
remove; 

state = DECLC; 
break; 

case(DECLC): 
lent = lent - 2 



^sutc = CHECKLC; 
break; 

case (CHECKLC): 
if (lent as 0) 

state = LOOKING;/-^ more to do-/ 
else if (lent < 0) 

state = LOOKING;/*generate IIIegaLLength.Error*/ 
else 

state = COUNT; 
break; 

case (COUNT): 
decrement length count until 1 
if (1c <= 1) 
state - LOOKING; 
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B.l.2.4 input shifter (scinshf t . sch, scinshm.M) 

TheTja'Sic operation of this block is quite simple. This 
block takes a byte of data from the input circuit, loads 
the shift register and shifts it out. However, it also 
obeys the commands from the input decoder and handles the 
transitions to and from bypass mode (flushing the other 
SRs) : On receiving a BYPASS command, the associated byte 
is not loaded into the shift register. Instead "rubbish 1 * 
(tag = 1) is shifted out to force any data held in the 
other shift registers to the output. The block then waits 
for a "flushed" signal indicating that this "rubbish" has 
appeared at the token reconstructor. The input byte is 
then passed directly to the token reconstructor. 
B.l.2.5 Start Code Detector (scdetect ♦ sch, scdetnuM) 

This block includes two shift registers which are 
programmable to 16 or 24 bits, start code detection logic 
and "valid contents" detection logic. MPEG start codes 
require the full 2 4 bits, whereas H.261 requires only 16. 

In the present invention, the first SR is for data and 
the second carries tags which indicate whether the bits in 
the data SR are valid - there are no gaps or stalls (in the 
two-wire interface sense) in the SRs, but the bits they 
contain can be invalid (rubbish) whilst they are being 
flushed . On detection of a start code, the tag shift 
register bits are set in order to invalidate the contents 
of the detector SR. 

A start code cannot be detected unless the SR contents 
are all valid. Non byte-aligned start codes are detected 
and may be flagged. Moreover, when a start code is 
detected, it cannot be definitely flagged until an 
overlapping start code has been checked for. To accomplish 
this function, the "value" of the detected start code (the 
byte following it) is shifted right through scinshift, 
scdetect and into scoshift. Having arrived at scoshift 
without the detection of another start code, it is 
overlapping start codes have been eliminated and it is 
flagged as a valid start code. 



B " 1 * 2 *l ° ut P ut Shifter (scoshif t . sch, seoshm.M) 

The basic operation of the output shifter is to take 
serial data (and tags) from scdetect, pack it into 15 bit 
words and output them. Other functions are: 
B. 1.2. 6.1 Data padding 

The output consists of 15 bit words, but the input may 
consist of an arbitrary number of bits. In order to flush, 
therefore, we need to add bits to make the last word up to 
15 bits. These extra bits are called padding and must be 
recognized and removed by the Huffman block. Padding is 
defined to be: 

After the last data bit, a "zero" is inserted followed by 
sufficient "ones" to make up a 15 bit word. 

The data word containing the padding is output with a low 
extension bit to indicate that it is the end of a data 
token . 

B. 1.2. 6. 2 Generation of "flushed" 

In accordance with the present invention, the generation 
of "flushed" operation involves detecting when all SRs are 
flushed and signalling this to the input shifter. When the 
"rubbish" inserted by the input shifter reaches the end of 
the output shifter, and the output shifter has completed 
its padding, a "flushed" signal is generated. This 
"flushed" signal must pass through the token reconstructor 
before it is safe for the input shifter to enter bypass 
mode . 

B. 1.2. 6. 3 Flagging valid start codes 

If scdetect indicates that it has found a start code, 
padding is performed and the current data is output. The 
start code value (the next byte) is shifted through the 
detector to eliminate overlapping start codes. If the 
"value" arrives at the output shifter without another start 
code being detected, it was not overlapped and the value is 
passed out with a flag v_not_t ( ValueNotToken) to indicate 
that it is a start code value. If, however, another start 
code is detected (by scdetect) whilst the output shifter is 
waiting for the value, an overlapping start error is 



generated. In this case, the first value is discarded and 
the system then waits for the second value. This value can 
also be overlapped, thus causing the same procedure to be 
repeated until a non-overlapped start code is found. 
5 B, 1.2. 6.4 Tidying up after a start code 

Having detected and output a good start code, a new DATA 
header is generated when data (not rubbish) starts 
arriving. 

B.i.2.7 Data stream reconstructor (sctofcrec. sch, 
10 sctokrenuM) 

The Data Stream reconstructor has two-wire interface 
inputs: one from scinshift for bypassed tokens, and one 
from scoshift for packed data and start codes. Switching 
between the two sources is only allowed when the current 
15 token (from either source) has been completed (low 
extension bit arrived) . 

B. 1*2.8 start value to start number conversion 
(scdromhv.sch, schrom.M) 

The process of converting start values into tokens is 
20 done in two stages. This block deals mainly with coding 
standard dependent issues reducing the 520 odd potential 
codes down to 16 coding standard independent indices. 

As mentioned earlier, start values (including JPEG ones) 
are distinguished from all other data by a flag 
2 5 { value_not_token) . If v_not_t is high, this block converts 
the 4 or 8 bit value, depending on the COD I NONSTANDARD, 
into a 4 bit start_number which is independent of the 
standard, and flags any unrecognized start codes. 
The start numbers are as follows: 
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Table B.1.2 Start Code numbers (indices) 



Starv.Marxer Code 


index (srar:_numoer) 




not_a_start_code 


0 




sequence_start - code 


1 


SEQUENCE _STA ST 


group_start_code 


2 


GrOUP_STAP=T j 


picture_start_code 


3 




slice_start_code 


4 


SUCc.START 


user_data_start_code 


5 


USE3.0ATA 


extension_start_code 


5 


eXTSNSJCNJDATA 


sequence_end_code 


7 


SEQUHNCH^ENO 


JPEG Warners 


DHT 


8 


OHT 


DQT 


9 


OGT 


DNL 


10 


DNL 


DRI 


It 


Ofil 


JPEG markers Ciat can be maoced onto tokens for MPSG/H.25 1 


SOS | picture_start_code 


?ICTUFE_S7A=- 


SOi j sequence_start_code 


SECUENCE.S"*" 


Table B. 1.2 Start Code numbers (indices) 


SlarVMarkee Code 


Index (stan.numoer) 


Resulting Token 


EOI 


sequence_end_code 


S£QUENCS.END 


SOFO 


group_start_code 


GROUP.START 


JP6G markers mat generate extn or user data 


i JPG 


extension_start_code 


EXTENStON_OATA 


JPGn 


e xte nsi on__start_cod e 


EXTENSION.OATA 


APPn 


user_data_start_code 


USER.OATA 


COM 


user_data_start_code 


USER.OATA 


NOTE: Ait unrecognised JPEG ma/kers generate an extn^starucode index 



B.i.2.9 Start number to token conversion (sconvert.sch/ 



sconverm.M) 

The second stage of the conversion is where the above 
start numbers (or indices) are converted into tokens. This 
block also handles token extensions where appropriate, 
discarding of extension and user data, and search modes. 
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0 : 



Normal Operation - find next start code. 

System level searches not implemented on Spatial Decoder 
Search for Sequence or higher 
Search for group or higher 
Search for picture or higher 
Search for slice or higher 



D 



3 



4 



5 



6 



10 



7 



Search for next start code 



Any non-zero search mode causes data to be discarded 
until the desired start code (or higher in the syntax) is 
detected . 

This block also adds the token extensions to PICTURE 



* PICTURE_START is extended with PICTURE_NUMBER, a four 
bit count of pictures. 

' SLICE_START is extended with svp (slice vertical 
position) , This is the "value" of the start code 
20 minus one (MPEG , H.261), and minus 0XD0 (JPEG) . 

B. 1.2. 10 Data Stream Formatting (scinsert.sch, scinserx.M) 
in the present invention, Data Stream Formatting relates 
to conditional insertion of PICTURE_END, FLUSH, 
^ • CODING_STANDARD, SEQUENCERS TART tokens, and generation of 
2 5 the STOP_AFTER_PICTURE event. Its function is best 
simplified and described in software: 



15 



and SLICE start tokens: 
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switch (input.data) 
(FLUSH) 

1. ir On_pictur«) 

output = PICTURELEND 

2. output = FLUSH 

3. if (in picture & stop_after_picture) 
sap^error = HIGH 

in picture = FALSE; 

4. in_picture = FALSE; 
break 

as< (SEQUENCE.START) 

1. if (in_picture) 

output = PICTURE.END 

2. if (in_picturc & stop.aftcr.pktu re) 
2a. output = FLUSH 
2b.sap_error = HIGH 

in.picture = FALSE 

3. output = COD f NG.STAND ARD 

4. output = standard 

5. output = SEQUENCE.START 

6. in_picture = FALSE; 
break 

^ (SEQUENCE.END) case (GROUP.START): 
1. if (in_picture) 

output = PICTURE^END 
2.if(injicu,re&stop_after picture) . 
2a. output = FLUSH 
2b. sap_crror = HIGH 
'"-.picture = FALSE 

3. output = SEQUENCE.END or GROUP.START 

4. in.picture = FALSE; 
break 

cas< (PiCTUR£_END) 



1. output- PICTURE^END 
2-if{stop_tncrji ctUrt) 

2a. output = FLUSH 

2b. sap_ernor = HIGH 
3. in.picture = FALSE 
break 

case (PICTUR£_START) 
1. if (injicture) 
output =PICTURE.END 

2. if (in picture & stop.a/ter.picture) 
2a. output = FLUSH 

2b. sap_error = HIGH 

3. if (insert_sequence_start) 

3a. output = CODING^STANDARD 
3b. output = standard 
3c output = SEQUENCE.START 
insert.sequence.start = FALSE 
4. output = PICTURE_START 
in_picture = TRUE 
break 

default: Just pass it through 



SECTION B,2 Huffman Decoder and Parser 

B . 2 . 1 introduction 

This section describes the Huffman Decoder and Parser 
circuitry in accordance with the present invention. 

Figure 118 shows a high level -block diagram of the 
Huffman Decoder and Parser, Many signals and buses are 
omitted from this diagram in the interests of clarity, in 
particular, there are several places where data is fed 
backwards (within the large loop that is shown) • 

X n essence, the Huffman Decoder and Parser of the present 
invention consist of a number of dedicated processing 
blocks (shown along the bottom of the diagram) which are 
controlled by a programmable state machine. 

Data is received from the Coded Data Buffer by the 
"Inshift" block- At this point, there are essentially two 
types of information which will be encountered: Coded data 
which is carried by DATA Tokens and start codes which have 
already been replaced by their respective Tokens by the 
Start Code Detector. It is possible that other Tokens will 
be encountered but all Tokens (other than the DATA Tokens) 
are treated in the same way. Tokens (start codes) are 
treated as a special case as the vast majority of the data 
will still be encoded (in H.261, JPEG or MPEG). 

In the present invention, all data which is carried by 
the DATA Tokens is transferred to the Huffman Decoder in a 
serial form (bit-by-bit). This data, of course, includes 
many fields which are not Huffman coded, but are fixed 
length coded. Nevertheless, this data is still passed to 
the- Huffman Decoder serially. In the case of Huffman 
encoded data, the Huffman Decoder only performs the first 
stage of decoding in which the actual Huffman code is 
replaced by an index number. If there are N district 
Huffman codes in the particular code table which is being 
decoded, then this "Huffman Index" lies in the range 0 to 
N-l. Furthermore, the Huffman Decoder has a "no op", i.e., 
"no operation" mode, which allows it to pass along data or 
token information to a subsequent stage without any 
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processing by the Huffman Decoder. 

The Index to Data Unit is a relatively simple block of 
circuitry which performs table look-up operations. it 
draws its name from the second stage of the Huffman 
decoding process in which the index number obtained in the 
Huffman Decoder is converted into the actual decoded data 
by a simple table look-up. The Index to Data Unit 
cooperates with the Huffman Decoder to act as a single 
logical unit. 

The ALU is the next block and is provided to implement 
other transformations on the decoded data. While the Index 
to Data Unit is suitable for relatively arbitrary mappings, 
the ALU may be used where arithmetic is more appropriate. 
The ALU includes a register file which it can manipulate to 
implement various parts of the decoding algorithms. In 
particular, the registers which hold vector predictions and 
DC predictions are included in this block. The ALU - is 
based around a simple adder with operand selection logic. 
It also includes dedicated circuitry for sign-extension 
type operations. It is likely that a shift operation will 
be implemented, but this will be performed in a serial 
manner; there will be no barrel shifter. 

The Token Formatter, in accordance with the present 
invention, is the last block in the Video Parser and has 
the task of finally assembling decoded data into Tokens 
which can be passed onto the rest of the decoder. At this 
point, there are as many Tokens as will ever be used by the 
decoder for this particular picture. 

The Parser State Machine, which is 18 bits wide and has 
been adopted for use with a two-wire interface has the task 
of coordinating the operation of the other blocks. In 
essence, it is a very simple state machine and it produces 
a very wide "micro-code* 1 control word which is passed to 
the other blocks. Figure 118 shows that the instruction 
word is passed from block-to-block by the side of the data. 
This is, indeed, the case and it is important to understand 
that transfers between the different blocks are controlled 
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by two-wire interfaces. 

In the present invention, there is a two-wire interface 
between each of the blocks in the Video Parser. 
Furthermore, the Huffman Decoder works with both serial, 
data, the inshifter inputs data one bit at a time, and with 
control tokens. Accordingly, there are two modes of 
operation. If data is coming into the Huffman Decoder via 
a DATA Token, then it passes through the shifter one bit at 
a time. Again, there is a two-wire interface between the 
inshifter and the Huffman Decoder. Other tokens, however, 
are not shifted in one bit at a time (serial) but rather in 
the header of the token. If a DATA token is input, then 
the header containing the address information is deleted 
and the data following the address is shifted in one bit at 
a time. If it is not a DATA Token, then the entire token, 
header and all, is presented to the Huffman Decoder all at 
once . 

In the present invention, it is important to understand 
that the two-wire interface for the Video Parser is unusual 
in that it has two valid lines. One line is valid serially 
and one line is valid tokenly. Furthermore, both lines may 
not be asserted at the same time. One or the other may be 
asserted or if no valid data exists, then neither may be 
asserted although there are two valid lines, it should be 
recognized that there is only a single accept wire in the 
other direction. However, this is not a problem. The 
Huffman Decoder knows whether it wants serial data or token 
information depending on what needs to be done next based 
upon the current syntax. Hence, the valid and accept 
signals are set accordingly and an Accept is sent from the 
Huffman Decoder to the. inshifter. If the proper data or 
token is there, then the inshifter sends a valid signal. 

For example, a typical instruction might decode a Huffman 
code, transform it in the Index to Data Unit, modify that 
result in the ALU and then this result is formed into a 
Token word. A single microcode instruction word is 
produced which contains all of the information to do this. 



The command is passed directly to the Huffman Decoder which 
requests data bits one-by-one from the "Inshift" block 
until it has decoded a complete symbol. Control Tokens are 
input in parallel. Once this occurs, the decoded index 
5 value is passed along with the original microcode word to 
the Index to Data Unit. Note that the Huffman Decoder will 
require several cycles to perform this operation and, 
indeed, the number of cycles is actually determined by the 
data which is decoded. The Index to Data Unit will then 

10 map this value using a table which is identified in the 
microcode instruction word. This value is again passed 
onto the next block, the ALU , along with the original 
microcode word. Once the ALU has completed the appropriate 
operation (the number of cycles may again be data 

15 dependant) it passes the appropriate data onto the Token 
Formatting block along with the microcode word which 
controls the way in which the Token word is formed. 

The ALU has a number of status wires or "condition codes" 
which are passed back to the Parser State Machine. This 

20 allows the State Machine to execute conditional jump 
instructions. In fact, all instructions are conditional 
jump instructions; one of the conditions that may be 
selected is hard-wired to the value "False* 1 . By selecting 
this condition, a "no jump" instruction may be constructed. 

2 5 In accordance with the present invention, the Token 

Formatter has two inputs: a data field from the ALU and/or 
a constant field coming from the Parser State Machine. In 
addition, there is an instruction that tells the Token 
Formatter how many bits to take from one source and then to 
30 fill in with the remaining bits from the other for a total 
of -8 bits. For example, HORIZONTAL^ 1 ZE has an 8 bit field 
that is an invariant address identifying it as a 
HORIZONTAL__SI2E Token. In this case, the 8 bits come from 
the constant field and no data comes from the ALU. If, 

3 5 however, it is a DATA Token, then you would likely have 6 

bits from the constant field and two lower bits indicating 
the color components from the ALU. Accordingly, the Token 



Formatter takes this information and puts it into a token 
for use by the rest of he system. Mote that the number of 
bits from each source in the above examples are merely for 
illustration purposes and one of ordinary skill in the art 
will appreciate that the number of bits from either source 
can vary. 

The ALU includes a bank of counters that are used to 
count through the structure of the picture. The dimensions 
of the picture are programmed into registers associated 
with the counters that appear to the "microprogrammer" as 
part of the register bank. Several of the condition codes 
are outputs from this counter bank which allows conditional 
jumps based on "start of picture", "start of macroblock" 
and the like. 

Note that the Parser State Machine is also referred to as 
the "Demultiplex State Machine". Both terms are used in 
this document . 

Input Shifter 

In the present invention, the Input Shifter is a very 
simple piece of circuitry consisting of a two pipeline 
stage datapath ("hfidp") and controlling Zcells ("hfi") . 

In the first pipeline stage, Token decoding takes place. 
At this stage, only the DATA token is recognized. Data 
contained in a DATA token is shifted one bit at a time into 
the Huffman Decoder. The second pipeline stage is the 
shift register. In the very last word of a DATA token, 
special coding takes place such that it is possible to 
transmit an arbitrary number of bits through the coded data 
buffer. The following are all possible patterns in the 
last data word. 
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Table B.a.l Possible Patterns in the Last Data Word 

As the data bits are shifted left, one by one, in the 
• shift register, the bit pattern "0 followed by all ones" is 
looked for (padding) . This indicates that the remaining 
o bits m the shift register are not valid and they are 
discarded. Note that this action only takes place in the 
last word of a DATA Token. 

As described previously, all other Tokens are passed to 
the Huffman Decoder in parallel. Th ey are still loaded 
10 into the second pipeline stage, but no shifting takes 
Place. Note that the DATA header is discarded and is not 
passed to the Huffman at all. Two "valid" wires (out_valid 
and serial_valid) are provided. only one is asserted at a 
given time and it indicates what type of data is being 
la presented at that moment. 



B.2.2 Huffman Decoder 

The Huffman Decoder has a number of modes of operation. 
The most obvious is that it can decode Huffman Codes, 
turning them into a Huffman Index Number. In addition, it 
5 can decode fixed length codes of a length (in bits) 
determined by the instruction word. The Huffman Decoder 
can also accept Tokens from the Inshift block. 

The Huffman Decode includes a very small state machine. 
This is used when decoding block-level information. This 

10 is because it takes too long for the Parser State Machine 
to make decisions (since it must wait for data to flow 
through the Index to Data Unit and the ALU before it can 
make a decision about that data and issue a new command) . 
When this State Machine is used, the Huffman Decoder itself 

15 issues commands to the Index to Data Unit and ALU . The 
Huffman Decoder State Machine cannot control all of the 
microcode instruction bits and, therefore, it cannot issue 
the full range of commands to the other blocks. 
B.2.2 .1 Theory of Operation 

2 0 When decoding Huffman codes, the Huffman Decoder of the 

present invention uses an arithmetic procedure to decode 
the incoming code into a Huffman Index Number. This number 
lies between 0 and N-l (for a code table that has N 
entries) . Bits are accepted one by one from the Input 

25 shifter. 

In order to control the operation of the machine, a 
number of tables are required. These specify for each 
possible number of bits in a code (1 to 16 bits) how many 
codes there are of that length* As expected , this 

30 information is typically not sufficient to specify a 
general Huffman code. However, in MPEG, H.261 and JPEG, 
the Huffman codes are chosen such that this information 
alone can specify the Huffman Code table. There is 
unfortunately just one exception to this; the Tcoefficient 

35 table from H.261 which is also used in MPEG. This requires 
an additional table that is described elsewhere (the 
exception was deliberately introduced in H.261 to avoid 
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start code emulation) . 

It Ts^important to realize that the tables used by this 
Huffman Decoder are precisely the same as those transmitted 
in JPEG. This allows these tables to be used directly 
5 while other designs of Huffman decoders would have required 
the generation of internal tables from the transmitted 
ones. This would have required extra storage and extra 
processing to do the conversion. Since the tables in MPEG 
and H.261 (with the exception noted above) can be described 
10 in the same way, a multi-standard decoder becomes 
pract ica 1 . 

The following fragment of "C" illustrates the decoding 
process ; 

Lnz total = 0; 
15 int s = 0; 

bit = 0; 
unsigned long cede - 0; 
m ' ir.dex - 0; 



20 



while ( index>=not:al ) 

v 

*fibit>=max bits) 



f a:i { "huf f_decode: ran off end of huff table\n"); 

=ode= ( code<< 1 ) Inext_brtQ ; 

mdex=code-s*cocal ; 
2 5 rotai~=codes_per_bit:(bit ( ; 

s= ( s+codes_per_bit: [bit ] ) <<1 ; 

bit*-*; 

} 

The process generally, is directly mapped into the 
30 silicon implementation" although advantage is taken of the 
fact that certain intermediate values can be calculated in 
clock phases before they are required. 
From the code fragment we see that; 



HQ 1. totals, = total, + cpb, 

E Q 2 -'s„*, = 2Cs n + C pbj 

EQ 3. code fl . = 2code + bit 

EQ 4. index = 2 code. + bit + total - 's 

Unfortunately in the hardware rt proved easier to use a modified set of equations m *r 
a variable 'shifted - is used in place of the variable *s\ In this case; 

In the hardware, however, it proved easier to use a 
modified set of equations in which a variable "shifted" is 
used in place of the variable ,f s" * In this case; 

EQ 5. shifted,, + , = 2shifted n + cpb n 

It turns out that: 

EQ6.; = 2shifted 

and so substituting this back into Equation 4 we see that: 

EQ 7. index fl ^ 1 = 2 (code n - shifted^) + total n + bit. 

In addition to calculating successive values of " index" , 
it is necessary to know when the calculation is completed. 
From the "C" code fragment we see that we are done when: 



EQ 8. index^ <total rt 



Substituting from Equation 7 and Equation 1 we see that 
we are done when: 



EQ9. 2 (code,, -shifted ) +bit -cpb <0 



In the hardware implementation of the present invention, 
the common term in Equation 7 and Equation 9, (Code n - 
Shifted,) is calculated one phase before the remainder of 
these equations are evaluated to give the final result and 
the information that the calculation is "done". 

One word of warning. In various pieces of "C" code, 
notably the behavioral compiled code Huffman Decoder and 
the sm4code projects, the «c M fragment is used almost 
directly, but the variable "s" is actually called 
"shifted". Thus, there are ■ two different variables called 
"shifted". One in the "C" code and the other in the 
hardware implementation. These two variables differ by a 
factor of two. 

B.2.2.1.1 Inverting the Data Bits 

There is one other piece of information required to 
correctly decode the Huffman codes. This is the polarity 
of the coded data. It turns out that H.2 61 and JPEG use 
opposite conventions. This reflects itself in the fact 
that the start codes in H.261 are zero bits whilst the 
marker bytes in JPEG are one bits. 

In order to deal with both conventions, it is necessary 
to invert the coded data bits as they are read into the 
Huffman Decoder in order to decode H.261 style Huffman 
codes. This is done in the obvious manner using an 
exclusive OR gate. Note that the inversion is only 
performed for Huffman codes, as when decoding fixed length 
codes, the data is not inverted. 

MPEG uses a mix of the two conventions. In those aspects 
inherited from H.261, the H.261 convention is used. In 



those inherited from JPEG (the decoding of DC intra 
coefficients) the JPEG convention * is used. 
B. 2. 2.1.2 Transform Coefficients Table 

When using the transform coefficients table in H.261 and 
5 MPEG, there are number of anomalies. First, the table in 
MPEG is a super-set of the table in H.261. In the hardware 
implementation of the present invention, there is no 
distinction drawn between the two standards and this means 
that an H.261 stream that contains codes from the extended 
10 part of the table (i.e., MPEG codes) will be decoded in the 
"correct" manner. Of course, other aspects of the 
compression standard may well be broken. For example, 
these extended codes will cause start code emulation in 
H.261. 

15 Second, the transform coefficient table has an anomaly 

that means that it is not describable in the normal manner 
with the codes_per_bit tables. This anomaly occurs with 
the codes of length six bits. These code words are 
systematically substituted by alternate code words. In an 

20 encoder, the correct result is obtained by first encoding 
in the normal manner. Then, for all codes that are six 
bits or longer, the first six bits are substituted by 
another six bits by a simple table look-up operation. In 
a decoder, in accordance with the present invention, the 

2 5^ * decoding process is interrupted just before the sixth bit 

is decoded, the code words are substituted using a table 
look-up, and the decoding continues. 

In this case, there are only ten possible six-bit codes 
so the necessary look-up table is very small. The 

3 0 operation is further helped by the fact that the upper two 

bits of the code are unaltered by the operation. As a 
result, it is not necessary to use a true look-up table. 
Instead a small collection of gates are hard-wired to give 
the appropriate transformation. The module that does this 
3 5 is called ;*hf tcf rng M . This type of code substitution is 
defined herein as a "ring" since each code from the set of 
possible codes is replaced by another code from that set 



(no new codes are introduced or old codes omitted) . 

Furthermore, a unique implementation is used for the very 
first coefficient in a block. In this case, it is 
impossible for an end-of-block code to occur and, 
5 therefore, the table is modified so that the most commonly 
occurring symbol can use the code that would otherwise be 
interpreted as end-of-block. This may save one bit. it 
turns out that with the architecture for decoding, in 
accordance with the present invention, this is easily 

10 accommodated. In short, for the first bit of the first 
coefficient the decoding is deemed "done" if "index" has 
the value zero. Furthermore, after decoding only a single 
bit there are only two possible values for "index", zero 
and one, it is only necessary to test one bit, 

15 B.2«2«l»3 Register and Adder Si2e 

The Huffman Decoder of the present invention can deal 
with Huffman codes that may be as long as 16 bits. 
However, the decoding machine is only eight bits wide. 
This is possible because we know that the largest possible 

20 value of the decoded Huffman Index number is 255. In fact, 
this could only happen in extended JPEG and, -in the current 
application, the limit is somewhat lower (but larger than 
128, so 7 bits will not suffice). 

It turns out that for all legal Huffman codes, not only 

25 the final value of "index", but all intermediate values lie 
in the range 0 to 255. However, for an illegal code, i.e., 
an attempt to decode a code that is not in the current code 
table (probably due to a data error) the index value may 
exceed 255. Since we are using an eight bit machine, it is 

3 0 possible that at the end of decoding, the final value of 
"index" does not exceed 255 because the more significant 
bits that tell us an error has occurred have been 
discarded. For this reason, if at any time during decoding 
the index value exceeds 255 (i.e., carry out of the adder 

3 5 that forms index) an error occurs and decoding is 
abandoned . 
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Twelve bits of "code" are preserved. This is not 
necessary for decoding Huffman codes where an eight bit 
register would have been sufficient. These upper bits are 
required for fixed length codes where up to twelve bits may 
be read. 

B.2 . 2 . 1. A Operation for Fixed Length Codes 

For fixed length codes, the "codes per bit" value is 
forced to zero. This means that "total" and "shifted" 
remain at zero throughout the operation and "index" is, 
therefore, the same as code. In fact, the adders and the 
like only allow an eight bit value to be produced for 
"index". Because of this, the upper bits of the output 
word are taken directly from the "code" register when 
decoding fixed length codes. When decoding Huffman codes 
these upper bits are forced to zero. 

The fact that sufficient bits have been read from the 
input is calculated in the obvious manner. A comparator 
compares the desired number of bits with the "bit" counter. 
B.2. 2. 2 Decoding Coefficient Data 

The Parser State Machine, in accordance with the present 
invention, is generally only used for fairly high-level 
decoding. The very lowest level decoding within an eight- 
by-eight block of data is not directly handled by this 
state machine. The Parser State Machine gives a command to 
the Huffman Decoder of the form "decode a block". The 
Huffman Decoder, Index to Data Unit and ALU work together 
under the control of a dedicated state machine (essentially 
in the Huffman Decoder) . This arrangement allows very high 
performance decoding of entropy coded coefficient data. 
There are also other feedback paths operational in this 
node of operation. For instance, in JPEG decoding where 
the VLCs are decoded to provide SIZE and RUN information, 
the SIZE information is fed back directly from the output 
of the Index to Data Unit to the Huffman Decoder to 
instruct the Huffman Decoder how many FLC bits to read. In 
addition, there are several accelerators implemented. For 
instance, using the same example all VLC values which yield 
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a SIZE of zero are explicitly trapped by looking at the 
Huffman Index Value before the Index to Data stage. This 
means that in the case of non-zero SIZE values, the Huffman 
Decoder can proceed to read one FLC bit BEFORE the actual 
value of SIZE is known. This means that no clock cycles 
are wasted because this reading of the first FLC bit 
overlaps the single clock cycle required to perform the 
table look-up in the Index to Data Unit. 
B. 2. 2. 2.1 MPEG and H,261 AC Coefficient Data 

Figure 127 shows the way in which AC Coefficients are 
decoded in MPEG and H.261. A flow chart detailing the 
operation of the Huffman Decoder is given in Figure 119. 

The process starts by reading a VLC code. In the normal 
course of events, the Huffman index is mapped directly into 
values representing the six bit RUN and the absolute value 
of the coefficient. A one bit FLC is then read giving the 
sign of the coefficient. The ALU assembles the absolute 
value of the coefficient with this sign bit to provide the 
final value of the coefficient. 

Note that the data format at this point is sign-magnitude 
and, therefore, there is little difficulty in this 
operation. The RUN value is passed on an auxiliary bus of 
six bits while the coefficients value (LEVEL) is passed on 
the normal data bus. 

Two special cases exist and these are trapped by looking 
at the value of the decoded index before the Index to Data 
operation. These are End of Block (EOB) and Escape coded 
data. In the case of EOB, the fact that this occurred is 
passed along through the Index to Data Unit and the ALU 
blocks so that the Token Formatter can correctly close the 
open DATA Token. 

Escape coded data is more complicated. First six bits of 
RUN are read and these are passed directly through the 
Index to Data Unit and are stored in the ALU. Then, one 
bit of FLC is read. This is the most significant bit of 
the eight bits of escape that are described in MPEG and 
H.261 and it gives the sign of the level. The sign is 
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is 



explicitly read in this implementation because it i 
necessary to send different commands to the ALU for 
negative values versus positive values. This allows the 
ALU to convert the twos complement value in the bit stream 
into sign magnitude. In either case, the remaining seven 
bits of FLC are then read. If this has the value zero, 
then a further eight bits must be read. 

In the present invention, the Huffman Decoder's internal 
state machine is responsible for generating commands to 
control itself and to also control the Index to Data Unit, 
the ALU and the Token Formatter. As shown in Figure 124, 
the Huffman Decoder's instruction comes from one of three 
sources, the Parser State Machine, the Huffman State 
Machine or an instruction stored in a register that has 
previously been received from the Parser State Machine. 
Essentially, the original instruction from the Parser State 
Machine (that causes the Huffman State Machine to take over 
control and read coefficients) is retained in a register, 
i.e., each time a new VLC is required, it is used. All the 
other instructions for the decoding are supplied by the 
Huffman State Machine. 

B.2.2.2.2 MPEO DC Coe fficient Data 

This is handled in the same way as JPEG DC coefficient 
Data. The same (loadable) tables are used and it is the 
responsibility of the controlling microprocessor to ensure 
that their contents are correct. The only real difference 
from the MPEG standard is that the predictors are reset to 
zero (like in JPEG) the correction for this being made in 
the Inverse Quantizer. 
w.2.2.2.3 JPEQ coeffi cient Data 

Figure 120 is a block diagram illustrating the 
hardware, in accordance with the present invention, for 
decoding JPEG AC Coefficients. Since the process for DC 
Coefficients is essentially a simplication of the JPEG 
process, the diagram serves for both AC and DC 
Coefficients. The only real addition to the previous 
diagram for the MPEG AC coefficients is that the "SSSS" 
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field is fed back and may be used as part of the Huffman 
Decoder command to specify the number of FLC bits to be 
read* The remainder of the command is supplied by the 
Huffman State Machine. 

Figure 121 depicts flow charts for the Huffman decoding 
of both AC and DC Coefficients . 

Dealing first with the process for AC Coefficients, the 
process starts by reading a VLC using the appropriate 
tables (there are two AC tables) * The Huffman index is 
then converted into the RUN and SIZE values in the Index to 
Data Unit. Two values are trapped at the Huffman Index 
stage, these are for EOB and ZRL. These are the only two 
values for which no FLC bits are read* In the case when 
the decode index is neither of these two values, the 
Huffman Decoder immediately reads one bit of FLC while it 
waits for the Index to Data Unit to complete the look-up 
operation to determine how many bits are actually required. 
In the case of EOB, no further processing is performed by 
the Huffman State Machine in the Huffman Decoder and 
another command is read from the Parser State Machine. 

In the case of ZRL, no FLC bits are required but the 
block is not completed. In this case, the Huffman decoder 
immediately commences decoding a further VLC (using the 
same table as before) . 

There is a particular problem with detecting the index 
values associated with ZRL and EOB. This is because 
(unlike H.261 and MPEG) the Huffman tables are 
downloadable* For each of the two JPEG AC tables, two 
registers are provided (one for ZRL and one for EOB) . 
These are loaded when the table is downloaded. They hold 
the value of index associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. These are loaded when 
the table is downloaded. They hold the value of index 
associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. This can be done by 
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first sign-extending the value with the wrong sign. If the 
sign bit^is now set, then the remaining bits are inverted 
(ones complement) . 

In the case of DC Coefficients, the decision making in 
5 the Huffman Decoding Stage is somewhat easier because there 
is no equivalent of the ZRL field.' The only symbol which 
causes zero FLC bits to be read is the one indicating zero 
DC difference- This is again trapped at the Huffman Index 
stage, a register being provided to hold this index for 
10 each of the (downloadable) JPEG DC tables. 

The ALU of the present invention has the job of forming 
. the final decoded DC coefficient by retaining a copy of the 
last DC Coefficient value (known as the prediction) . Four 
predictors are required, one for each of the four active 
15 color components. When the DC difference has been decoded, 
the ALU adds on the appropriate predictor to form the 
decoded value. This is stored again as the predictor for 
the next DC difference of that color component. Since DC 
coefficients are signed (because of the DC offset) 
20 conversion from twos complement to sign magnitude is 
required. The value is then output with a RUN of zero. In 
fact, the instructions to perform some of the last stages 
of this are not supplied by the Huffman State Machine. 
They are simply executed by the Parser State Machine. 
25 In a similar manner to the AC Coefficients, the ALU must 

first form the DC difference from the SIZE bits of FLC. 
However, in this case, a twos complement value is required 
to be added to the predictor. This can be formed by first 
sign extending with the wrong sign, as before. If the 
3 0 result is negative, then one must be added to form the 
correct value. This can, of course, be added at the same 
time as the predictor by jamming the carry into the adder. 
B.2.2.3 Error Handling 

Error handling deserves some mention. There are 
3 5 effectively four sources of error that are detected: 
•Ran off the end of a table. 
* Serial when token expected. 



•Token when serial expected. 

-Too" many coefficients in a block. 

The first of these occurs in two situations. If the bit 
counter reaches sixteen (legal values being 0 to 15) then 
5 an error has occurred because the longest legal Huffman 
code is sixteen bits. If any intermediate value of "index" 
exceeds 255 then an error has occurred as described in 
section B . 2 . 2 . 1 . 3 . 

The second occurs when serial data is encountered when a 
10 Token was expected. The third when the opposite condition 
arises . 

The last type of error occurs if there are too many 
coefficients in a block. This is actually detected in the 
Index to Data Unit. 

15 When any of these conditions arises, the error is noted 

in the Huffman error register and the Parser state machine 
is interrupted. It is the responsibility of the Parser 
State Machine to deal with the error and to issue the 
commands necessary to recover. 

20 The Huffman cooperates with the Parser State Machine at 

the time of the interrupt in order to assure correct 
operation. when the Huffman Decoder interrupts the Parser 
State Machine, it is possible that a new command is waiting 
to be accepted at the output of the Parser State Machine. 

2 5 The Huffman Decoder will not accept this command for two 

whole cycles after it has interrupted the Parser State 
Machine. This allows the Parser State Machine to remove 
the command that was there (which should not now be 
executed) and replace it with an appropriate one. After 

3 0 these two cycles, the Huffman Decoder will resume normal 

operation and accept a command if a valid command is there. 
If not, then it will do nothing until the Parser State 
Machine presents a valid command. 

when any of these errors occur, the "Huffman Error" event 
35 bit is set and, if the mask bit is set, the block will stop 
and the controlling microprocessor will be interrupted in 
the normal manner. 
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One complication occurs because in certain situations, 
what looks like an error, is not actually an error. The 
most important place where this occurs is when reading the 
macroblock address. It is legal in the syntaxes of MPEG , 
5 H.261 and JPEG for a Token to occur in place of the 
expected macroblock address. If this occurs in a legal 
manner, the Huffman error register is loaded with zero 
(meaning no error) but the Parser State Machine is still 
interrupted. The Parser State Machine's code must 

10 recognize this "no error" situation and respond 
accordingly. In this case, the "Huffman Error" event bit 
will not be set and the block will not stop processing. 

Several situations must be dealt with. First, the Token 
occurs immediately with no preceding serial bits. In this 

15 case, a "Token when serial expected error" would occur. 
Instead, a "no error" error occurs in the way just 
described . 

Second, the Token is preceded by a few serial bits. In 
this case, a decision is made. If all of the bits 
2 0 preceding the Token had the value one (remember that in 
H.2 61 and MPEG the coded data is inverted so these are zero 
bits in the coded data file) then no error occurs. If, 
however, any of them were zero, then they are not valid 
stuffing bits and, thus, an error has occurred and a "Token 

2 5 when serial expected" error does occur. 

Third, the token is preceded by many bits. In this case, 
the same decision is made. If all sixteen bits are one, 
then they are treated as padding bits and a "no error" 
error occurs. If any of them had been zero, then "Ran off 

3 0 Huffman Table" error occurs. 

Another place that a token may occur unexpectedly is in 
JPEG. When dealing with either Huffman tables or Quantizer 
tables, any number of tables may occur in the same Marker 
Segment. The Huffman Decoder does not know how many there 
3 5 are. Because of this fact, after each table is completed 
it reads another 4-bit FLC assuming it to be a new table 
number. If, however, a new marker segment starts, then a 
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token will be encountered in place of the 4 bit FLC. This 
requirement is not foreseen and, therefore, an "Ignore 
Errors" command bit has been added. 
B.2.2.4 Huffman Commands 
5 Here are the bits used by the Parser state Machine to 

control the Huffman Decoder block and their definitions. 
Note that the Index to Data Unit command bits are also 
included in this table. From the microprogrammer ' s point 
of view, the Huffman Decoder and the Index to Data Unit 
10 operate as one coherent logical block. 
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Name 


Function 


11 


Ignore Errors 


. Used to disable errors m certain c:rc*jms:ances. 


10 


Download 


Either nominate a :aoie Icr cdwnfcac zr sownioao cata 
into mat table. 


9 


AJutao 


Use information from rtie ALU registers to specify ir.e 
table number (or numcer of bits of FLC) 


8 


Bypass 


Bypass the Index :o Oata Unit 


7 


Token 


Decode a Token ratner ;nan FLC or vlC 


6 


First Coeff 


Seiecis first coefficient tnex for Tcsetf :ade anc ctrer j 
soectal modes. | 


1 

i 


Special 


if set trie Hufiman Slate macr.tne srcvd :aKe ever f 
control. 




VLC (not FLC) 


Soecfy VLC or FLC 




TatXepj 


Soec:fy ffie table to use for VLC 



Table B.2.2 Huffman Decoder Commands 
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"a£)(e(2I 



or tn« numoer of otts ;o read for a FlC 



Taoie(U 



Taoie(0] 



10 



15 



20 



Table B.2.2 Hufman Decoder Commands 

B. 2. 2. 4.1 Reading FLC 

In this mode , Ignore Errors , Download , Alutab , Token , 
First Coeff, Special and VLC are all zero. Bypass will be 
set so that no Index to Data translation occurs. 

The binary number in Table[3:0] indicates how many bits 
are to be read . 

The numbers 0 to 12 are legal. The value zero does 
indeed read zero bits (as would be expected) and this 
instruction is , therefore , the Huffman Decoder NOP 
instruction. The values 13, 14 and 15 will not work and 
the value 15 is used when the Huffman State Machine is in 
control to denote the use of "SSSS" as the number of bits 
of FLC to read. 
B.2.2. 4. 2 Reading VLC 

In this mode, Ignore Errors, Download, Alutab, Token, 
First Coefficient and Special are zero and VLC is one. 
Bypass will usually be zero so that Index to Data 
translation occurs . 

In this mode Token, First Coefficient and Special are all 
zero, VLC is one. 

The binary number in Table[3:0] indicates which table to 
use as shown: 
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Tabf«(3:0] 


VLC Tabie to use 


0000 


TCoefficient (MPEG and H.261) 


0001 


C8P (Coded BlccK Pattern) 


j 0010 


MBA (MacrobtocX Address) 1 


| 0011 


MVO (Motion Vector Oata) ) 


! 0100 


Intra Mtype 


| 0101 


Predicted Mcype 


j 0110 


interpolated Mtype | 


0111 


H.261 Mtype 


10x0 


JPEG (MPEG) OC Table 0 


j 10x1 


JPEG (MPEG) OC Table 1 


j 11x0 


JPEG AC Table 0 


11x1 


JPEG AC Table 1 



Table Huffman Tables 



Note that in the case of the tables held in RAM (i.e., 
the JPEG tables) bit 1 is not used so that the table 
selections occur twice. If a non-baseline JPEG decoder is 
5 built, then there will be four DC tables and four AC tables 
and Table[ 1] will then be required. 

If Table[3] is zero, then the input data is inverted as 
it is used in order that the tables are read correctly as 
H.261 style tables. In the case of Table ( 3 : 0 ] =0 , the 
10 appropriate Ring modification is also applied. 
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B.2.2. 4.3 NOP Instruction 

As previously described, the action of reading a FLC of 
zero bits is used as a Mo Operation instruction. No data 
is read from the input ports (either Token or Serial) and 
the Huffman Decoder outputs a data, value of zero along with 
the instruction word. 

B . 2 . 2 . 4 . 4 TCoeffic ient First Coefficient 

The H.261 and MPEG TCoefficient Table has a special non- 
Huffman code that is used for the very first coefficient in 
the block. In order to decode a TCoefficient at the start 
of a block, the First Coefficient bit may be set along with 
a VLC instruction with table zero. One of the many effects 
of the First Coefficient bit is to enable this code to be 
decoded . 

Note that in normal operation, it is unusual to issue a 
"simple" command to read a TCoefficient VLC. This is 
because control is usually handed to the Huffman Decoder by 
setting the Special Bit. 
B ,2.2* 4,5 Reading Token Words 

In order to read Token words, the Token bit should be set 
to one. The Special and First Coefficient bits should be 
zero. The VLC bit should also be set if the TablefO] bit 
is to work correctly. 

In this mode, the bits Table[lj and Table[0] are used to 
modify the behavior of the Token reading as follows: 



Sit 


Meaning 


Taoie(0] 


Discard sacetng sits of senal data 


7aoie(tl Oiscard ail s«nai cata. 
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If both Table[0] and Table[lJ are zero, then the presence 
of serial data before the token is considered to be an 
error and will be signalled as such. 

If Table [i] is set, then all serial data is discarded 
5 until a Token Word is encountered. No error will be caused 
by the presence of this serial data. 

If Table[ 0] is set, then padding bits will be discarded. 
It is, of course, necessary to know the polarity of the 
padding bits. This is determined by Table[3] in exactly 
10 the same way as for reading VLC data. If Table [3] is 
zero, input data is first inverted and then any "one" bits 
are discarded. If Table [3] is set to one, the input data 
is NOT inverted and "one" bits are discarded. Since the 
action of inverting the data depending upon the Table[3] 
15 bit is conditional on the VLC bit, this bit must be set to 
one. If any bits that are not padding bits are encountered 
(i.e., "l" bits in H.261 and MPEG) an error is reported. 

Note that in these instructions only a single Token word 
is read. The state of the extension bit is ignored and it 
20 is the responsibility of the Demux to test this bit and act 
accordingly. Instructions to read multiple words are also 
provided - see the section on Special Instructions. 
B.2.2.4.6 ALU Registers Specify Table 

If the "Alutab" bit is set, registers in the ALU's 
2 5 register file can be used to determine the actual table 
number to use. The table number supplied in the command, 
together with the VLC bit, determines which ALU registers 
are used; 

Table B.2.4 ALU Register Selection 



VLC 


tabte(3:0| 


ALU tabic 


0 


xOxx 




0 


xlxx 


bw<j_r_3tze 


1 


xGxx 




1 


xtst 


ac_huflJcofnptd| 



In the case of fixed length codes, the correct number of 
bits are "read for decoding the vectors. If resize is zero, 
a NOP instruction results. 

In the case of Huffman codes, the generated table number 
5 has tablef 3] set to one so that the resulting number refers 
to one of the JPEG tables. 
B»2«2.4.7 Special Instructions 

All of the" instructions (or modes of operation) described 
thus far are considered as "Simple" instructions. For each 
10 command that is received, the appropriate amount of input 
data (of either serial of token data) is read and the 
resulting data is output. If no error is detected, exactly 
one output will be generated per command. 

In the present invention, special instructions have the 
15 characteristic that more than one output word may be 
generated for a single command. In order to accomplish 
this function, the Huffman Decoder's internal State Machine 
takes control and will issue itself instructions as 
required until it decides that the instruction which the 
20 Parser requested has been complete. 

In all Special instructions, the first real instruction 
of the sequence that is to be executed is issued with the 
Special bit set to one. This means that all sequences must 
have a unique first instruction. The advantage of this 
25 scheme is that the first real instruction of the sequence 
is available without a look-up operation being required 
based upon the command received from the Parser. 
There are four recognized special instructions: 
- TCoef f icient 
3 0 -JPEG DC 

. ■ JPEG AC 
• Token 

The first of these reads H.261 and MPEG Transform 
coefficients, and the like, until the end-of-block symbol 
35 is read. If the block is a non-intra block, this command 
will read the entire block. In this case, the "First 
Coefficient" bit should be set so that the first 
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coefficient trick is applied. If the block is an intra 
block, the DC term should already have been read and the 
"First Coef f icient" bit should be zero. 

In the case of an intra block in H.261, the DC term is 
5 read using a "simple' 1 instruction to read the 8 bits FLC 
value. in MPEG, the "JPEG DC" special instruction 
described below is used. 

The "JPEG DC" command is used to read a JPEG style DC 
term (including the SSSS bits FLC indicated by the VLC) . 
10 It is also used in MPEG . The First Coefficient bit must be 
set in order that a counter (counting the number of 
coefficients) in the Index to Data Unit is reset. 

The "JPEG AC" command is used to read the remainder of a 
block, after the DC term until either an EOB is encountered 
15 or the 64* coefficient is read. 

The "Token" command is used to read an entire Token. 
Token words are read until the extension bit is clear. It 
is a convenient method of dealing with unrecognized tokens. 
B. 2. 2. 4.8 Downloading Tables . 
2 0 In the present invention, the Huffman Decoder tables can 

be downloaded by using the "Download" bit. The first step 
is to nominate which table to download. This is done by 
issuing a command to read a FLC with both the Download and 
First Coeff bits set. This is treated as an NOP so no bits 
2 5- * are actually read, but the table number is stored in a 
register and is used to identify which table is being 
loaded in subsequent downloading. 
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Table 


JPEG Tables 




TaDfe nominated 


lOxx 


JPEG DC Codes oer bit 


Ha 


JPEG AC Cooes pef On 


OOxa 


JPEG OC index w Oau 


01m 


JPEG AC Index to Oata 



As the above table shows, either the AC or DC tables can 
be loaded and table[3] determines whether it is the codes- 
per-bit table (in the Huffman decoder itself) or the Index 
5 to Data table that is loaded . 

Once the table is nominated, data is downloaded into it 
by issuing a command to read the required number of FLC 
(always 8 bits) with the Download bits set (and the First 
Coeff bit zero) * This causes the decoded data to be 

10 written into the nominated table. An address counter is 
maintained, the data is written at the current address and 
then the address counter is incremented. The address 
counter is reset to zero whenever a table is nominated. 
When downloading the Index to Data tables, the data and 

15 addresses are monitored. Note that the address is the 
Huffman Index number while the data loaded into that 
address is the final decoded symbol. This information is 
used to automatically load the registers that hold the 
Huffman index number for symbols of interest. Accordingly, 

20 in a JPEG AC table; when the data has the value 
corresponding to ZRL is recognized, the current address is 
written into the register CED_H_KEY_ZRL_INDEXO or 
CED_H_KEY_ZRL_INDEX1 as indicated by the table number. 

Since decoded data is written into the codes-per-bit 

2 5 table one phase after it has been decoded, it is not 
possible to read data from the table during this phase. 



Therefore, an instruction attempting to read a VLC that is 
issued immediately after a table download instruction will 
fail. There is no reason why such a sequence should occur 
in any real application (i.e., when doing JPEG). It is, 
5 however, possible to build simulation tests that do this. 
B.2.2.5 Huffman State Machine 

The Huffman State Machine, in accordance with the present 
invention, operates to provide the Huffman Decoder commands 
that are internally generated in certain cases. All of the 
10 commands that may be generated by the internal state 
machine may also be provided to the Huffman Decoder by the 
Demux. 

The basic structure of the State Machine is as follows. 
When a command is issued to the Huffman Decoder, it is 

15 stored in a series of auxiliary latches so that it may be 
reused at a later time. The command is also executed by 
the Huffman Decoder and analyzed by the Huffman State 
Machine. If the command is recognized as being the first 
of a known instruction sequence and the SPECIAL bit is set, 

2 0 then the Huffman Decoder State Machine takes over control 
of the Huffman Decoder from the Parser State Machine. 

At this point, there are three sources of instructions 
for the Huffman Decoder: 

1) The Parser State Machine - this choice is made 

2 5 at the completion of the special instruction 

(e.g., when EOB has been decoded) and the next 
demux command is accepted. 

2) The Huffman State Machine. The Huffman State 
Machine may provide itself with an arbitrary 

3 0 command. 

3 ) The original instruction that was issued by the 
Parser State Mchine to start the instruction. 

In case' (2) , it is possible that the table number is 
provided by feedback from the Index to Data Unit, this 
3 5 would then replace the field in the Huffman State Machine 
ROM. 

In case (1), in certain instances, table numbers are 



provided by values obtained from the ALU register file 
(e.g. ~ in the case of AC and DC table numbers and F- 
numbers) . These values are stored in the auxiliary command 
storage, so that when that command is later reused the 
5 table number is that which has been stored. It is not 
recovered again from the ALU since, in general, the 
counters will have advanced in order to refer to the next 
block. 

Since the choice of the next instruction that will be 
10 used depends upon the data that is being decoded, it is 
necessary for the decision to be made very late in a cycle. 
Accordingly, the general structure is one in which all of 
the possible instructions are prepared in parallel and 
multiplexing late in the cycle determines the actual 
15 instruction. 

Mote that in each case, in addition to determining the 
instruction that will be used by the Huffman Decoder in the 
next cycle, the state machine ROM also determines the 
instruction that will be attached to the current data as it 
2 0 passes to the Index to Data Unit and then onto the ALU. In 
exactly the same way, all three of these instructions are 
prepared in parallel and then a choice is made late in the 
cycle . 

Again, there are three choices for this part of the 

2 5 instruction that correspond to the three choices for the 

next Huffman Decoder instruction above. 

1) A constant instruction suitable for End of 
Block. 

2) The Huffman State Machine. The Huffman State 

3 0 Machine may provide an arbitrary instruction for 

the Index to Data Unit. 

3) The original instruction that was issued by the 
Parser to start the instruction. 

B . 2 . 2 . 5 . 1 EOS Comparator 
3 5 The EOB comparator's output essentially forces selection 

of the constant instruction to be presented to the Index to 
Data Unit and will also cause the next Huffman Instruction 



to be the next instruction from the Parser. The exact 
function **of the comparator is controlled by bits in the 
Huffman State Machine ROM. 

Behind the EOB comparator, there are four registers 
5 holding the index of the EOB symbol in the AC and DC JPEG 
tables- In the case of the DC tables, there is of course 
no End-Of -Block symbol but there is the zero-size symbol, 
that is generated by a DC difference of zero. Since this 
causes zero bits of FLC to be read in exactly the same way 

10 as the EOB symbol, they are treated identically. 

In addition to the four index values held in registers, 
the constant value, 1, can also be used. This is the index 
number of the EOB symbol in H.261 and MPEG . 
B.2.2.5.2 ZRL Comparator 

15 In the present invention, this is the more general 

purpose comparator. It causes the choice of either the 
Huffman State Machine instruction or the Original 
Instruction for use by the I to D . 

Behind the ZRL comparator, there are four values. Two 

20 are in registers and hold the index of the ZRL code in the 
AC tables. The other two values are constants, one is the 
value zero and the other is 12 (the index of ESCAPE in MPEG 
and H.261) . 

The constant zero is' used in the case of an FLC. The 

2 5 constant 12 is used whenever the table number is less than 

8 (and VLC) . One of the two registers is used if the table 
number is greater than 7 (and VLC) as determined by the low 
order bit of the table number. 

A bit in the state machine ROM is provided to enable the 

3 0 comparator and another is provided to invert its action. 

If the TOKEN bit in the instruction is set, the 
comparator output is ignored and replaced instead by the 
extn bit. This allows for sunning until the end of a 
Token. 

35 B.2.2.5. 3 Huffman State Machine ROM 

The instruction fields in the Huffman State Machine are 
as follows: * • 
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nxtstatef 4 : 0 ] 

The address to use in the next cycle. This address may 
be modified, 
statectl 

Allows modification of the next state address. If zero, 
the state machine address is unmodified, otherwise the LSB 
of the address is replaced by the value of either of the 
two comparators as follows: 



nxtstate{0] 




0 


Replace Lsb by SOS match 


1 


Replace Lsb by ZRL match 



Note: in any case, if the next Huffman Instruction is 
10 selected as "Re-run original command" the state machine 
will jump to location 0, 1, 2 or 3 as appropriate for the 
command . 

eobct[ 1:0] 

This controls the selection of the next Huffman 
15 instruction based upon the EOB comparator and extn bit as 
follows: 



eobcii(1:0I 




00 


No effect - see z.ic;i(1:01 


01 


Take new (Parser) command if EOB 


10 


Take r.ew (Parser) command rf extn iow 


11 


Unconditional Oemux instruction 



zrlct[l:0] 

This controls the selection of the next Huffman 
instruction based upon the ZRL comparator. If the 



condition is met, then it takes the state machine 
instruction, otherwise it re-runs the original instruction. 
In either case, if an eobctl*+ condition takes a demux 
instruction then this (eobctl*+) takes priority as follows: 



zrfctJ(1:0] 




00 


Never ;ake SM (always re-run) 


01 


Always taKe SM command 


10 


SM if Z3L matches 


11 


SM if ZSL does not match 



5 smtab(3:0j 

In the present invention, this is the table number that 
will be used by the Huffman Decoder if the selected 
instruction is the state machine instruction. However, if 
the ZRL comparator matches, then the zrltab[3:0] field is 

10 used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab[3:0] and zrltab{3:0] will have the same value. Note, 
however, that this can lead to strange simulation problems 

15 in Lsim. In the case of MPEG, there is no obvious 
requirement to load the registers that indicate the Huffman 
index number for ZRL (a JPEG only construction) . However, 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 

20 smtab[3:0] and zrltab[3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 
zrltab[3 :0 J 

2 5 This is the table number that will be used by the Huffman 

decoder if the selected instruction is the state machine 
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instruction. However, if the ZRL comparator matches then 
the zritab[3:0] field is used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab[3:0] and zrltab[3:0] will have the same value. Note, 
however , that this can lead to strange simulation problems 
in Lsim. in the case of MPEG, there is no obvious 
requirement "to load the register that indicate the Huffman 
index number for ZRL (a JPEG only construction) . However, 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
smtab[3:0] and zrltab(3:0] have the same value in all cases 
that the ZRL comparator may be "unknown 11 (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 

zrltab[ 3:0] 

This is the table number that will be used by the Huffman 
Decoder if the selected instruction is the state machine 
instruction and the ZRL comparator matches. 

smvlc 

This is the VLC bits used by the Huffman Decoder if the 
selected instruction is the state machine instruction, 
aluzrlf 1:0] 

This field controls the selection of the instruction that 
is passed to the ALU. It will either be the command from 
the Parser State Machine (that was stored at the start of 
the instruction sequence) or the command from the state 
machine: 



aluzrl(1:0] 




00 


Always take cne saved Parser Slate Machine Command 


01 


Always take me Huffman State Machine Command 


10 


Take the Huffman SM command if not EOB 


1 1 1 Take me Huffman SM command if noc ZRL 



a lueob 



This^wire controls modification of the instruction passed 
to the ALU based upon the EOB comparator. This simply 
forces the ALU's output mode to "zinput". This is an 
arbitrary choice; any output mode apart from "none" will 
suffice. This is to ensure that the end-of-lock command 
word is passed to the Token Formatter block where it 
controls the proper formatting of DATA Tokens: 



alueoo 




0 


Oo not modify ALU outsrc fieid 


1 


Force "zinpur into outsrc if EOS matcft 



The remainder of the fields are the ALU instruction 
fields. These are properly documented in the ALU 

description . 

B . 2 . 2 . 5 . 4 Huffman State Machine Modification 

In one embodiment of the state machine, the Index to Data 
Unit needs to "know" when the RUN part of an escape-coded 
Tcoefficient is being passed to the Index to Data Unit. 
While this can be accomplished using an appropriate bit in 
the control ROM, but to avoid changing the ROM, an 
alternative approach has been used. In this regard, the 
address going into the ROM is monitored and the address 
value five is detected. This is the appropriate location 
designated in the ROM dealing with the RUN field. Of 
course, it will be apparent that the ROM could be 
programmed to use other selected address values. Moreover, 
the' af oredescribed approach of using a bit in the control 
ROM could be utilized. 
B.2.2.6 Guided Tour of Schematics 

In the present invention, the Huffman Decoder is called 
M hd". Logically, "hd" actually includes the Index to Data 
Unit (this is required by the limitations of compiled code 
generation) . Accordingly, M hd" includes the following 
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major blocks; 









Table B.2.6 Huffman Modules 


Module Name 


Oescnoticn 




Huffman Cecooer (Arithmetic) aataoatn 


hdstdo 


Huffman State Macnine Caiaoatn 


hfitod 


index to Data Unit 



The following description of the Huffman modules is 
accomplished by a global explanation of the various 
5 subsystem areas shown in greater detail in the drawings 
which are readily comprehended by one of ordinary skill in 
the art. 

B. 2-2. 6.1 Description of "hd" 

The logic for the two-wire interface control usually 

10 includes three ports controlled by the two-wire interface; 
data input, data output and the command. In addition, 
there are two "valid" wires from the input shifter; 
token_valid indicating that a Token is being presented on 
in_data(7:0] and serial_valid indicating that data is being 

15 presented on serial. 

The most important signals generated are the enables that 
go to the latches. The most important being el which is 
the enable for the phi latches. The majority of phO 
latches are not enabled whilst two enables are provided for 

20 those that are; eO associated with serial data and eOt 
associated with Token data. 

In the present invention, the "done" signals (done, 
notdone and their phO variants doneO and notdoneO) indicate 
when a primitive Huffman command is completed. In the case 

2 5 when a Huffman State Machine command is executed, "done" 
will be asserted at the completion of each primitive 
command that comprises the entire state-machine command. 



The signal notnew prevents the acceptance of a new command 
from the" Parser State Machine 'until the entire Huffman 
State Machine command is completed. 

Regarding control of information received from the Index 
to Data Unit, the control logic for the "size" field is fed 
back to the Huffman decoder during JPEG coefficient 
decoding. This can actually happen in two ways. If the 
size is exactly one, this is fed back on the dedicated 
signal notfboneO. Otherwise, the size is fed back from the 
output of the Index to data unit (out_data [ 3 : 0 ] and a 
signal fbvalidl indicates that this is occurring. The 
signal muxsize is produced to control the multiplexing of 
the fed-back data into the command register (sheet 10) . 

In addition, there is feedback that exactly 64 
coefficients have been decode. Since in JPEG the EOB is 
not coded in this situation, the signal forceeob is 
produced. By analogy, with the signals for feeding back 
size, as mentioned above, there are in fact two ways in 
which this is done. Either jpegeob is used (a phi signal) 
or jpegeobO. Note that in the case when a normal feedback 
is made (jpegeob), the latch i_97i is only loaded as the 
data is fed back and not cleared until a new Parser State 
Machine command is accepted. The signal forceeob does not 
actually get generated until a Huffman code is decoded. 
Thus, the fixed length code (i.e., size bits) is not 
affected, but the next Huffman coded information is 
replaced by the forced end of block. In the case when size 
is one and jpegeobO is used, only one bit is read and, 
therefore, i_l255 and i_1256 delay the signal to the 
correct time. Note that it is impossible for a size of 
zero to occur in this situation since the only symbols with 
size zero are EOB and ZRL. 

The decoding is fairly random decoding of the command to 
produce tcoef f_tab0 (Huffman decoding using Tcoef f table) , 
mba_tab0 (Huffman decoding using the MBA table) and nop (no 
operation) . There are several reasons for generating nop. 
A Fixed length code of size zero is one, the forceeob 



signal is another (since no data should be read from the 
input shifter even though an output is produced to signal 
EOB) and lastly table download nomination is a third. 

notfrczero (generated by a PLC of size zero, a NOP) 
5 ensures that the result is zero when a MOP instruction is 
used. Furthermore, invert indicates when the serial bits 
should be inverted before Huffman decoding (see section 
B. 2. 2. 1.1). ring indicates when the transform coefficient 
ring should be applied (see section B. 2. 2. 1.2). 

10 Decoding is also accomplished regarding addressing the 

codes-per-bit ROMs. These are built out of the small data- 
path ROMs. The signals are duplicated (e.g., csha and 
csla) purely to get sufficient drive by separating the ROMs 
into two sections. The address can be taken either from 

15 the bit counter (bit[3:0]) or from the microprocessor 
interface address (key-addr [3 : 0} ) depending upon UPI access 
to the block being selected. 

Additional decoding is concerned with the UPI reading of 
registers such as those that hold the Huffman index values 

20 for the JPEG tables (EOB, ZRL etc.). Also included is a 
tristate driver control for these registers and the UPI 
reading of the codes per bit RAMs . 

Arithmetic datapath decoding is also provided for certain 
important bit numbers. first_bit is used in connection 

25 with the Tcoeff first coefficient trick and bit_five is 
concerned with applying the ring in the Tcoeff table. Note 
the use of forceeob to simulate the action that the EOB 
comparator matches the decoded index value. 

Regarding the extn bit, if a token is read from the input 

30 shifter, then the associated extn bit is read along with 
it. Otherwise, the last value of extn is preserved. This 
allows the testing of the extn bit by the microcode program 
at any time after a token has been read. 

When zerodat is asserted, the upper four bits of the 

3 5 Huffman output data are forced to zero. Since these only 
have valid values when decoding fixed length codes, they 
are zeroed when decoding a VLC, a token or when a NOP 
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instruction is executed for any reason. 

Furthest circuitry detects when each command is completed 
and generates the "done" signals. Essentially, there are 
two groups of reasons for being "done"; normal reasons and 
5 exceptional reasons. These are each handled by one of the 
two three way multiplexers. 

The lower multiplexer (i_l275) handles the normal 
reasons. In the case of a FLC, the signal ndnflc is used. 
This is the output of the comparator comparing the bit 

10 counter with the table number. In the case of a VLC, the 
signal ndnvlc is used. This is an output from the 
arithmetic datapath and reflects directly Equation 9. In 
the case of an NOP instruction or a Token, only one cycle 
is required and, therefore, the system is unconditionally 

15 "done". 

In the present invention, the upper multiplexer (i_1274) 
handles exceptional cases. If the decoder is expecting a 
size to be fed back (fbexpctdO) in JPEG decoding and that 
size is one (notfboneO) , then the decoder is done because 

20 only one bit is required. If the decoder is doing the 
first bit of the first coefficient using the Tcoeff table, 
it is done if bit zero of the current index is zero (see 
Section B. 2. 2. 1.2). If neither of these conditions are met 
then there is no exceptional reason for being done. 

25 The NOR gate (i_l293) finally resolves the "done" 

condition. The condition generated by i-570 (i.e., that 
the data is not valid) forces "done". This may seem a 
little strange. It is used primarily just after reset to 
force the machine into its "done" state in preparation for 

30 the first command ("done" resets all counters, registers, 
etc.). Note that any error condition also forces "done". 

The signal notdonex is required for use in detecting 
errors. The normal "done" signals cannot be used since on 
detecting an error "done" is forced anyway. The use of 

35 "done" would give a combinatorial feedback loop. 

Error detection and handling, is accomplished by 
circuitry which detects all of the possible error 



conditions* These are ORed together in i_1190. In this 
case, i_H93, i-58S and i_584 constitute the three bit 
Huffman error register. Note i_1253 and i-1254 which 
disable the error in the cases when there is no "real" 
5 error (section B.2.2.3), 

In addition, i_580 and i_579 along with the associated 
circuitry provide a simple state machine that controls the 
acceptance of the first command after an error is detected. 

As previously indicated, control signals are delayed to 
10 match pipeline delays in the Index to Data Unit and the 
ALU. 

Itod_bypass is the actual bypass signal passed to the 
Index to Data Unit, It is modified when the Huffman State 
Machine is in control to force bypass whenever a fixed 

15 length code is decoded. 

Aluinstr[32] is the bit that causes the ALU to feedback 
(condition codes) to the Parser State Machine. 
Furthermore, it is important when the Huffman State Machine 
is in control that the signals are only asserted once 

20 (rather than each time one of the primitive commands 
completes) . 

Aluinstr[36] is the bit that allows the ALU to step the 
block counters (if other ALU instruction bits specify an 
increment too) . This also must only be asserted once. 

25 In addition, these bits must only be asserted for ALU 

instructions that output data to the Token Formatter, 
Otherwise, the counters may be incremented prior to the 
first output to the Token formatter causing an incorrect 
value of w cc H in a DATA token. 

30 In the illustrated embodiment of the invention, either 

alunode[l] or alunodefO] will be low if the ALU will output 
to the Token Formatter. 

Figure 118, similar to Figure 27, illustrates the Huffman 
State Machine datapath referred to as "hdstdp" , There is 

3 5 also a UPI decode for reading the output of the Huffman 
State machine ROM. 

Multiplexing is provided to deal with the case when the 



table number is specified by the ALU register file 
locations (see Section B.2,2.4.6). 

The modification of aluinstr [3 : 2 ] deals with forcing the 
ALU outsrc instruction field to non-none (section 
B.2.2.5.3, description of alueob) 

Regarding the command register for the Huffman Decoder 
block (x) , each bit of the command has associated 
multiplexer which selects between the possible sources of 
commands. Four control signals control this selection: 

Selhold causes the register to retain its current state. 

Selnew causes a new command to be loaded from the Parser 
State Machine. This also enables loading of the registers 
that retain the original Parser State Machine command for 
later use. 

Selold causes loading of the command from the registers 
that retain the original Parser State Machine command. 

/seism causes loading of the command from the Huffman 
State Machine ROM. 

In the case of the table number, the situation is 
slightly more complicated since the table number may also 
be loaded from the output data of the Index to Data Unit 
(selholdt and muxsize) . Latches hold the current address 
in the Huffman state machine ROM. The logic detects which 
of the possible four commands are being executed. These 
signals are combined to form the lower two bits of the 
start address in the case of a new command. 

Logic also detects when the output of the state machine 
ROM is meaningless (usually because the command is a 
"simple" command) . The signal notignorerom effectively 
disables operation of the state machine, in particular, 
disabling any modification of the instruction passed to the 
ALU, 

The circuitry generating fixstateO controls the limited 
jumping capability of this state machine. 

Decoding is also provided for driving the signals into 
the Huffman State Machine ROM. This is datapath-style 
combinatorial ROM. 
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The generation of escape_run is described in Section 
B . 2 . 2 . 5 . 4*. 

Decoding also provides for the registers that hold the 
Huffman Index number for symbols such as ZRL and EOB . 
These registers can be loaded from the UPI or the datapath. 
The decoding in the center (es[ 4 : 0 ] and zs[3:0] i s 
generating the select signals for the multiplexers that 
select which- register or constant value to compare against 
the decode Huffman Index. 

Regarding the control logic for the Huffman State 
Machine. Here the "instruction" bits from the Huffman 
State Machine ROM are combined with various conditions to 
determine what to do next and how to modify the instruction 
word for the ALU. 

In the present invention, the signals notnew, notsm and 
notold are used on sheet 10 to control the operation of the 
Huffman Decoder command register. They are generated here 
in an obvious manner from the control bits in the state 
machine ROM (described in Section B.2.2.5.3) together with 
the output of the Huffman Index comparators (neobmatch and 
nzrlmatch) . 

Selection is also accomplished of the source for the 
instruction passed to the ALU. The actual multiplexing is 
performed in the Huffman State Machine datapath "hf stdp" . 
Four control signals are generated. 

In the case when the end-of-block has not been 
encountered, one of aluseldmx (selecting the Parser State 
Machine instruction) or aluselsm (selecting the Huffman 
state machine instruction) will be generated. 

In the case when the end-of-block has not been 
encountered, one of aluseleobd (selecting the Parser State 
Machine instruction) or aluseleobs (selecting the Huffman 
State Machine instruction) will be generated. In addition 
the "outsrc" field of the ALU instruction is modified to 
force it to "zinput". 

A register holds the nominated table number during table 
download. Decoding is provided for the codes-per-bit RAMs. 



Additional decoding recognizes when symbols like EOB and 
ZRL are * downloaded so that the Huffman Index number 
registers can be automatically loaded. 

Regarding the bit counter, a comparator detects when the 
5 correct number of bits have been read when reading a FLC. 

B«2«2«6«2 Description of "hddp" 

Comparators detect the specific values of Huffman Index. 
Registers hold the values for the downloadable tables. The 
multiplexers (meob[7:0] and mzr[7:0]) select which value to 
10 use and the exclusive-or gates and gating constitute' the 
comparators . 

Adders and registers directly evaluate the equations 
described in Section B.2.2.1. No further description is 
thought necessary here. An exclusive or is used for 
15 inverting the data (i_807) described in Section B. 2. 2. 1.1. 

The "code" register is 12 bits wide. A multiplexing 
arrangement implements the "ring" substitution described in 
Section B . 2 . 2 . 1 . 2 . 

Regarding the pipeline delays for data and multiplexing 
2 0 between decoded serial data ( index [ 7 : 0 ] ) and Token data 
(ntoken0[7 : 0] ) , the Huffman index value is decided in ZRL 
and EOB symbols. 

Codes-per-bit ROMs and their multiplexing are used for 
deciding which table to use. This arrangement is used 

2 5 because the table select information arrives late . All 

tables are then accessed and the correct table selected. 

Regarding the codes-per-bit RAM, the final multiplexing 
of the codes-per-bit ROM and the output of the codes-per- 
bit RAM takes place inside the block "hdcpbram" . 

3 0 B.2.2.6.3 Description of "hdstdp" 

In the present invention, "Hdstdp" comprises two modules, 
"hdstdel" is concerned with delaying the Parser State 
Machine control bits until the appropriate pipeline stage, 
e.g., when they are supplied to the ALU and Token 
3 5 Formatter. It only processes about half of the instruction 
word that is passed to the ALU, the remainder being dealt 
with by the other module "hdstmod" . 
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"Hdstmod" includes the Huffman State Machine ROM. Some 
bits of "this instruction are used by the Huffman State 
Machine control logic. The remaining bits are used to 
replace that part of the ALU instruction word (from the 
5 Parser State Machine) that is not dealt with in "hdstdel". 

"Hdstmod" is obvious and requires no explanation - there 
are only pipeline delay registers. 

"Hdstdel" is also very simple and is handled by a ROM and 
multiplexers for modifying the ALU instruction. The 
10 remainder of the circuitry is concerned with UPI read 
access to half of the Huffman State Machine ROM outputs . 
Buffers are also used for the control signals. 
The Token Formatter 
The Huffman Decoder Token Formatter, in accordance with 
15 the present invention, sits at the end of the Huffman 
block . Its function , as its name suggests , is to format 
the data from the Huffman Decoder into the propriety Token 
structure. The input data is multiplexed with data in the 
Microinstruction word, under control of the 
20 Microinstruction word command field. The block has two 
operating modes; DATA_WORD, and DATA_TOKEN. 
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B.2.3.1 The Microinstruction Word 



Table B.2.7 The Microinstruction 
word consisting of seven fields 



.~e;d Name 


3iES 


Token 


0:7 


Mask 


8:11 


Slock Type (Bt) 


t2::3 


.External Exin (Ee) 


14 


Oemux Extn (De) 


15 


End of SiocK (£b) 


16 


Command (Cmd) 


17 



17 16 15 U 



12 



De 



Bt 



Mask 



Token 



The Microinstruction word is governed by the same accept as the Data word. 



The Microinstruction word is governed 
5 by the same accept as the Data word. 

B.2.3.2 Operating Modes 

Table B.2.8 Bit Allocation 



Cmd 


Mode 


0 


Oata.Word 


1 


Data. Token 



B. 2 ■ 3 . 2 . 1 Data Word 

In this mode, the top eight bits of the input are fed to 
the output. The bottom eight bits will be either the 
bottom eight bits of the input, the Token field of the 
Microinstruction word or a mixture of both, depending on 
the mask field. Mask represents the number of input bits 
In the mix, i.e. 

out_data [ 16 : a] =in_data [16:8] 

out_data{7 : 0]=(Token[7 : 0] & (f f<<mask) ) indata[7 : 0] 

When mask is set to 0 x 8 or greater, the output data 
will equal the input data. This mode is used to output 
words in non-DATA Tokens, with mask set to 0, out_data [ 7 : 0 1 
will be the Token field of the Microinstruction word. This 
mode is used for outputting Token headers that contain no 
data. When Token headers do contain data, the number of 
data bits is given by the mask field. 

If External Extn(Ee) is set, out_extn=in_extn , 

otherwise 

out_extn=De.Bt and Eb are "don't care". 
B.2.3.2.2 Data Token 

This mode is used for formatting DATA Tokens and has two 
functions dependent on a signal, first_coeff icient . At 
reset, first_coeff icient is set. When the first data 
coefficient arrives along with a Microinstruction word that 
has cmd set to 1, out_data [ 16 : 2 ] is set to 0 x 1 and 
out_data[l:0] takes the value of the Bt field in the 
Microinstruction word. This is the header of a DATA Token. 
When this word has been accepted, the coefficient that 
accompanied the command is loaded into a register, RL and 
first_coeff icient takes the value of Eb. When the next 
coefficient arrives, out_data [ 16 : 0 ] takes the previous 
coefficient, stored in RL. RL and f irst_coeff icient are 
then updated. This ensures that when the end of the block 
is encountered and Eb is set, first_coeff icient is set, 
ready for the next DATA Token, i.e., 
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if int^coeff icieat ) 

3Ut_data[l:0J r 3t(l;0] 
RM16:0J - in_d*t*[l**0] 

} 

else 

( 

out.data[Zfi:0] - RL(16:0] 
M-(16:0J - ia.dat«[l« : o] 

} 

out_«xtn • -cb 



B.2.3,3 Explanatory Discussion 

In accordance with the present invention, most of the 
instruction bits are supplied in the normal manner by the 
Parser State Machine. However, two of the fields are 
actually supplied by other circuitry. The f, Bt" field 
mentioned above is connected directly to an output of the 
ALU block. This two bit field gives the current value of 
"cc" or "color component". Thus, when a DATA Token header 
is constructed, the lowest order two bits take the color 
component directly from the ALU counters. Secondly, the 
"Eb" bit is asserted in the Huffman decoder whenever and 
End-of -block symbols id decoded (or in the case of JPEG 
when one is assumed because the last coefficient in the 
block is coded) . 

The in_extn signal is derived in the Huffman Decoder. It 
only has meaning with respect to Tokens when the extension 
bit is supplied along with the Token word in the normal 
way . 



B,2.4 The Parser state Machine 

The~Parser State Machine of the present invention is 
actually a very simple piece of circuitry. The 
complication lies in the programming of the microcode ROM 
5 which is discussed in Section B.2.5. 

Essentially the machine consists of a register which 
holds the current address. This address is looked up in 
the microcode ROM to produce the microcode word. The 
address is also incremented in a simple incrementer and 

10 this incremented address is one of two possible addresses 
to be used for the next state. The other address is a 
field in the microcode ROM itself. Thus, each instruction 
is potentially a jump instruction and may jump to a 
location specified in the program. If the jump is not 

15 taken, control passes to the next location in the ROM. 

A series sixteen condition code bits are provided. Any 
one of these conditions may be selected (by a field in the 
microcode ROM) and, in addition, it may be inverted (again 
a bit in the microcode ROM) . The resulting signal selects 

2 0 between either the incremented address or the jump address 
in the microcode ROM. One of the conditions is hard-wired 
to evaluate as "False". If this condition is selected, no 
jump will occur. Alternatively, if this condition is 
selected and then inverted, the jump is always taken; an 

25 unconditional jump. 
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Table B.2.9 Condition Code Bits 



Btt No. 


Name 


Cescnoticr* 


0 


user(3] 


Connected to a renter rrograrrr~asie cy use' f-cr-. 
the micro processor interface. They allow \ser ceVc.;* 
condition codes ir.at can te :es;eo *i ;n itrre cver-eao\ 
two are cennea to cont/oi non-Siar^aro w^cec noc< 
Pattern* processing for excer:rr:en:ai 4 clock arc 3 nocx 
macrcbiock structures. 


1 


userttj 


2 




3 


cop_scecal 


4 


he{C) 


These sits connect directly to trie i-;u»rnan cecccer s 
Huffrr.an Error recjrsrer. 


5 


he(t] 


6 


he(2! 


7 


Ex*j\ 


The Hxxension bit {for Tokens) 


3 


3lkotn 


The Slock Pattern Shifter 


9 


MBsian 


At Stan of a Macroctock 


10 


Picstan 


At Stan of a Picture j 


1 1 


Restan 


At Stan of a Restart :n;ervai 


:2 


Chngsst 


The "Sticky* Change Detect o«t 


13 


Zero 


ALU 2ero condition 


14 


Sign 


ALU s;qn condition 


* 5 


False 


Hard wtred :o raise. 



B- 2.4*1 Two wire Interface Control 

The two-wire interface control, in accordance with the 
invention, is a little unusual in this block. There is a 
5 two-wire interface between the Parser State Machine and the 
Huffman Decoder. This is used to control the progress of 
commands. The Parser State Machine will wait until a given 
command has been accepted before it proceeds to read the 
next command from the ROM, In addition, condition codes 
10 are fed back through a wire from the ALU * 

Each command has a bit in the microcode ROM that allows 
it to specify that it should wait for feedback. If this 
occurs, then after that instruction has been accepted by 
the Huffman Decoder, no new commands are presented until 



the feedback wire from the ALU becomes asserted. This 
wire, fb_valid, indicates that' the condition codes 
currently being supplied by the ALU are valid in the sense 
that they reflect the data associated with the command that 
5 requested the wait for feedback. 

The intended use of the feature, in accordance with the 
present invention, is in constructing conditional jump 
commands that decide the next state to jump to as a result 
of decoding (or processing) a particular piece of data. 

10 Without this facility it would be impossible to test any 
conditions depending upon data in the pipeline since the 
two-wire control means that the time at which a certain 
command reaches a given processing block (i.e*, the ALU in 
this case) is uncertain. 

15 Not all instructions are passed to the Huffman Decoder. 

Some instructions may be executed without the need for the 
data pipeline. These tend to be jump instructions. A bit 
in the microcode ROM selects whether or not the instruction 
will be presented to the Huffman Decoder. If not, there is 

2 0 no requirement that the Huffman Decoder accept the 

instruction and, therefore, execution can continue in these 
circumstances even if the pipeline is stalled* 
B.2.4.2 Event Handling 

There are two event bits located in the Parser State 

25 Machine* One is referred to as the Huffman event and the 
other is referred to as the Parser Event. 

The Parser Event is the simplest of these. The 
"condition" being monitored by this event is simply a bit 
in the microcode ROM. Thus, an instruction may cause a 

30 Parser Event by setting this bit. Typically, the 
instruction that does ■ this will write an appropriate 
constant into the rom^control register so that the 
interrupt service routine can determine the cause of the 
interrupt. 

3 5 After servicing a Parser Event (or immediately if the 

event is masked out) control resumes at the point where it 
left off. If the instruction that caused the event has a 



jump instruction (whose condition evaluates true) then the 
jump is taken in the normal manner. Hence, it is possible 
to jump to an error handler after servicing by coding the 
jump, 

5 A Huffman event is rather different. The condition being 

monitored is the "OR" of the three Huffman Error bits. In 
reality, this condition is handled in a very similar manner 
to the Parser Event. However, an additional wire from the 
Huffman Decoder, huffintrpt, is asserted whenever an error 

10 occurs. This causes control to jump to an error handler in 
the microcode program. 

When a Huffman error occurs, therefore, the sequence 
involves generating interrupt and stopping the block. 
After servicing, control is transferred to the error 

15 handler. There is no "call" mechanism and unlike a normal 
interrupt, it is not possible to return to the point in the 
microcode before the error occurred following error 
handling . 

It is possible for huffintrpt to be asserted without a 

20 Huffman error being generated. This occurs in the special 
case of a "no-error" error as discussed in Section B.2.2.3. 
In this case, no interrupt (to the microprocessor 
interface) is generated, but control is still passed to the 
error handler (in the microcode). Since the Huffman error 

25 register will be clear in this case, the microcode error 
handler can determine that this is the situation and 
respond accordingly . 
B.2.4.3 Special locations 

There are several special locations in the microcode ROM. 

3 0 The first four locations in the ROM are entry points to the 
main program. Control passes to one of these four 
locations on reset. The location jumped to depends upon 
the coding standard selected in the ALU register, 
coding_std. Since this location is itself reset to zero by 

3 5 a true reset control passes to location zero. However, it 
is possible to reset the Parser State Machine alone by 
using the UPI register bit CED_HJTRACE_RST in CED HJTRACE. 



In this case, the coding_std register is not reset and 
control passes to the appropriate one of the first four 
Locations . 

The second four locations (0 x 004 to 0 x 007) are used 
5 when a Huffman interrupt takes place. Typically, a jump to 
the actual error handler is placed in each of these 
• *" locations. Again, the choice of location is made as a 
result of the. coding standard. 
B.2,4.4 Tracing 

10 As a diagnostic aid, a trace mechanism is implemented. 

This allows the microcode to be single-stepped. The bits 
CED_HJTRACE_EVENT and CED_H_TRACE_MASK in the register 
CED_H_TRACE control this. As their names suggest, they 
operate in a very similar fashion to the normal event bits. 

15 However, because of several differences (in particular no 
UP I interrupt is ever generated) they are not grouped with 
the other event bits. 

The tracing mechanism is turned on when CED_H_TRACE_MASK 
is set to one. After each microcode instruction is read 

20 from the ROM, but before it is presented to the Huffman 
Decoder, a trace event occurs. In this case, 

CED_H_TRACE_EVENT becomes one. It must be polled because 
no interrupt will be generated. The entire microcode word 
is available in the registers CED_H_KEY_DMX_WORD_0 through 

25 " CED_H_KEY_DMX_WORD_9 . The instruction can be modified at 
this time if required. Writing a one to CED_H_TRACE_EVENT 
causes the instruction to be executed and clears 
CED_HJTRACE_EVENT . Shortly after this time, when the next 
microcode word to be executed has been read from the ROM, 

30 a new trace event will occur. 
B.2.5 The Microcode 

The microcode is programmed using an assembler "hpp" 
which is a very simple tool and much of the abstraction is 
achieved by using a macro preprocessor. A standard M C" 

3 5 preprocessor "cpp" may be used for this purpose. 
The code is instructed as follows: 

Ucode.u is the main file. First, this includes tokens. h 



to define the tokens. Next, regfile.h defines the ALU 
register map. The fields. u defines the various fields in 
the microcode word, giving a list of defined symbols for 
each possible bit pattern in the field. Next, the labels 
5 that are used in the code are defined. After this step, 
instr.u is included to define a ' large number of "cpp" 
macros which define the basic instructions. Then, errors. h 
defines the numbers which define the Parser events. Next, 
unword.u defines the order in which the fields are placed 

10 to build the microcode word. 

The remainder of ucode . u is the microcode program itself. 
B.2.5.1 The Instructions 

In this section the various instructions defined in 
ucode. u are described. Not all instructions are described 

15 here since in many cases they are small variations on a 
theme (particularly the ALU instructions) . 
B. 2. 5. i.l Huffman and Index to Data Instructions 

In the invention, the H_NOP instruction is used by the 
Huffman Decoder. It is the No-operation instruction. The 

20 Huffman does nothing in the sense that no data is decoded. 
The data produced by this instruction is always zero. 
Accordingly, the associated instruction is passed onto the 
ALU. 

The next instructions are the Token groups; HJTOKSRCH, 

2 5 H_TOKSKIP_PAD, H_TOKSKIP_JPAD , HJTOKPASS and HJTOKREAD. 

These all read a token or tokens from the Input Shifter and 
pass them onto the rest of the machine. HJTOKREAD reads a 
single token word. HJTOKPASS can be used to read an entire 
token, up to and including, the word with a zero extn bit. 
30 The associated command is repeated for each word of the 
Token. HJTOKSRCH discards all serial data preceding a 
Token and then reads one token word. HJTOKSKIP PAD skips 
any padding bits (H.261 and MPEG) and then reads one Token 
word. HJTOKSKIP_JPAD does the same thing for JPEG padding. 

3 5 H_FLC(NB) reads a fixed length code of "NB" bits. 

H_VLC (TBL) reads a vie using the indicated table (passed 
as mnemonic, e.g., H_VLC (tcoef f ) ) . 
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H_FLC_IE(NB) is like H_FLC, but the "ignore errors" bit 
is set. 

H_TEST_VLC(TBL) is like H_VLC, but the bypass bit is set 
so that the Huffman Index is passed through the Index to 
5 Data Unit unmodified. 

H_FWDJR and H__BWD_R read a FLC of the size indicated by 
the ALU registers r_fwd_r_size and r_bwd_r_s ize , 
respectively. 

H_DCJ reads JPEG style DC coefficients, the table number 
10 from the ALU . 

H_DCH reads a H.261 DC term. 

H_TC0EFF and H_DCTCOEFF read transform coefficients. In 
H_DCTCOEFF, the first coeff bit is set and is for non-intra 
blocks, whilst HJTCOEFF is for intra blocks after the DC 
15 term has already been read. 

H_NOMINATE (TBL) nominates a table for subsequent 
download . 

H_DNL(NB) reads NB bits and downloads them into the 
nominated table. 
2 0 B. 2. 5. 1.2 ALU Instructions 

There really are too many ALU instructions to explain 
them all in detail. The basic way in which the Mnemonics 
are constructed is discussed and this should make the 
instructions readable. Furthermore, these should readily 
25 be understandable to one of ordinary skill in the art. 

Most of the ALU instructions are concerned with moving 
data from place to place and, therefore, a generic "load" 
instruction is used. In the Mnemonic, A_LDxy, it is 
understood that the contents of y are loaded into x., i.e., 
30 the destination is listed jfiirst and the source second: 
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Table B.2.10 Letters used to denote possible 
sources and destinations of data 



ler.er 


Mear.rr.q 


A 


A register 


R 


Run reg;s;er 


I 


Data incut 


O 


Data Outcut 


P 


ALU register Fie 


c 


Constant 


z 


Constant of zero 



By way of example, LDAI loads the A register with the 
data from the data input port of the ALU, If the ALU 
5 register file is specified, the mnemonic will take an 
address so that LDAF(RA) loads A with the contents of 
location RA in the register file* 

The ALU has the ability to modify data as it is moved 
from source to destination. In this case, the arithmetic 
10 * is indicated as part of the source data. Accordingly, the 
Mnemonic LDA_AADDF (RA) loads A with the existing contents 
of the A register plus the contents of the indicated 
location in the register file. Another example is 
LDA_ISGXR, which takes the input data, sign extends from 
15 the bit indicated in the RUN register, and stores the 
result in the A register. 

In many cases, more than one destination for the same 
result is specified. Again, by way of example, 

LDF_LDA_ASUBC (RA) which loads the result of A minus a 
20 constant into both the A register and the register file. 

Other mnemonics exist for specific actions. For example, 
M CLRA M is used for clearing the A register, "RMBC" to reset 



the macroblock counter. These are fairly obvious and are 
described in comments in instr.u. 

One anomaly is the use of a suffix "_0" to indicate that 
the result of the operation is output to the Token 
;5 formatter in addition to the normal action. Thus 
L0FI_O(RA) stores the input data and also passes it to the 
token formatter. Alternatively, this could have been 
LDF_LDO_I (RA) if desired. 
B.2.5.1.3 Token Formatter Instructions 
10 This is the T_N0P M No-operation M instruction. This is 

really a misnomer as it is impossible to construct a no- 
operation instruction. However, this is used whenever the 
instruction is of no consequence because the ALU does not 
output to the Token Formatter. 
15 T-TOK output a Token word. 

T_DAT output a DATA Token word (used only with the 
Huffman State Machine instructions) . 

T-GENT8 generates a token word based on the 8 bits of 
constant field. 

2 0 T_GENT3E like T__GENT8 , but the extension bit is one. 

T_OPD(NB) NB bits of data from the bottom NB bits of the 
output with the remainder of the bits coming from the 
constant field. 

T_OPDE(NB) like T_0PD, but the extension bit is high. 
2 5 T_0PD8 short-hand for T_0PD(8) 

T_OPD8E short-hand for T_0PDE(8) 
B. 2. 5. 1.4 Parser State Machine Instructions 

This instruction, D_NOP No-operation, i.e., the address 
increments as normal and the Parser State Machine does 
30 nothing special. The Remainder of the instruction is 
passed to the data pipeline. No waiting occurs. 

D_WAIT is like D_NOP, but waits for feedback to occur. 
The simple jump group. Mnemonics like D_JMP(ADDR) and 
D_JNX(ADDR) jump if the condition is met. The instruction 
2 5 is not output to the Huffman Decoder. 

The external jump group. Mnemonics like D_XJMP(ADDR) and 
D_XJNX(ADDR) . * these are like their simple counterparts 



above, but the instruction is output to the Huffman 
Decoder 7 . 

The jump and wait group. Mnemonics like D_WJN2 ( ADDR) . 
These instructions are output to the Huffman Decoder and 
the Parser waits for feedback from the ALU before 
evaluating the condition. 

The following Mnemonics are used for the conditions 
themselves. 

Table B.2.11 Mnemonics used for the conditions 



Mnemonic 


Meaning 


JM? 


Ur.concitionaJ jump 


J XT 


JNX 


Jumo it enn=i (extn^O) 


JHHO 


JNH=0 


Jump A Huffman errcr b«l 0 set (dear) 


JHcl 


JNMSt 


Jumo if Huffman error bit 1 set (clear) 


JHE2 


JNHE2 


Jump it Huffman errcr bit 2 set (clear) j 


JP~N 




Jumo t( oattem snifter LS3 is set 


JPiCST 


JNPiCST 


Jumo ;s at prcture start (not at picture s:a"l j 


-P.S73T 


JNHST3T 


Jumo rf at start of restart interval (not at stan) 




JNCP9S 


Jumo ti not special CPS coamg 




JNCPSB 


Jumo if not 8 Olocfc (i.e. 4 otock) macrcCtccK 


Ml 


JPL 


Jumo if negative (jump if plus) | 


JZ£ 


JNZ 


Jumo if zero (jump if non-zero) J 


uCHNG 


JNCHNG 


Jumo if cnans© cetect bit set (dear) 


JM3S7 


JNM3ST 


Jump tf at start o/ m-aero&iocx (not at start) 



D_EVENT causes generation of an event. 

D_DFLT^for construction of a default instruction. This 
causes an event and then jumps to a location with the label 
"dflt". This instruction should never be executed since 
they are used to fill a ROM so that a jump to an unused 
location is trapped. 

D_ERROR causes an event and then jumps to a label 
M srch_dispatch" which is assumed to attempt recovery from 
the error. 
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SECTION B.3 HUFFMAN DECODER ALU 

B« 3 • 1 Introduction 

The Huffman Decoder ALU sub-block, in accordance with the 
present invention, provides general arithmetic and logical 
functionality for the Huffman Decoder block. It has the 
ability to do add and subtract operations, various types of 
sign-extend operations, and formatting of the input data 
into run-sign-level triples . It also has a flexible 
structure whose precise operation and configuration are 
specified by a microinstruction word which arrives at the 
ALU synchronously with the input data, i.e*, under the 
control of the two-wire interface* 

In addition to the 3 6-bit instruction and 12-bit data 
input ports, the ALU has a 6-bit run port, and an 8-bit 
constant port {which actually resides on the token bus) . 
All of these, with the exception of the microinstruction 
word, drive buses of their respective widths through the 
ALU datapath. There is a single bit within the 
microinstruction word which represents an extension bit and 
is output together with the 17-bit-run-sign-level 
(out_data) • There is a two-wire interface at each end of 
the ALU datapath, and a set of condition codes which are 
output together with their own valid signal, cc_valid. 
There is a register file which is accessible to other 
Huffman Decoder sub-blocks via the ALU, and also to the 
microprocessor interface . 
B.3.2.2 Basic Structure 

The basic structure of the Huffman ALU is as shown in 
Figure 126- It comprises the following components: 

Input block 4 00 

Output block 401 

Condition Codes block 402 

"A" register 403 with source multiplexing 
Run register (6 bits) 404 with source multiplexing 
Adder/ Subtract or 4 05 with source multiplexing 
Sign Extend logic 406 with source multiplexing 
Register file 4 07 



Each of these blocks (except the output block) drives its 
output onto a bus running through the datapath, and these 
buses are, in turn, used as inputs to the multiplexing for 
block sources. For example, the adder output has it own 
datapath bus which is one of the possible inputs to the A 
register. Likewise, the A register has its own bus which 
forms one of the possible inputs to the adder. Only a sub- 
set of all possibilities exist in this respect, as 
specified in Section 7 on the microinstruction word. 

In a single 'cycle, it is possible to execute either an 
add-based instruction or a sign-extend-based instruction* 
Furthermore, it is allowable to execute both of these in a 
single cycle provided that their operation is strictly 
parallel. In other words, add then sign extend or sign 
extend then add sequences are not allowed. The register 
file may be either read from or written to in a single 
cycle, but not both. 

The output data has three fields: 
• run - 6 bits 

- sign - 1 bit 

- level - 10 bits 

If data is to be passed straight through the ALU, the 
least significant 11 bits of the input data register are 
latched into the sign and level fields. 

It is possible to program limited multi-cycle operations 
of the ALU. In this regard, the number of cycles required 
is given by the contents of the register file location 
whose address is specified in the microinstruction, and the 
same operation is performed repeatedly while an iteration 
counter decrements to one. This facility is typically used 
to effect left shifts, using the adder to add the A 
register to itself and to store the result back in the A 
register . 

B,3*3 The Adder/ Subtracter Sub-Block 

This is a 12-bit wide adder, with optional invert on its 
input2 and optional setting of the carry-in bit. Output is 
a .12 bit sum, and carry-out is not used. There are 7 modes 
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of operation: 

ADD: add with carry in set to zero: inputl + input2 
ADC: add with carry in set to one: inputl + input2+l 
SBC: invert input2, carry in set to zero: inputl - 
mput2 - l 

SUB: invert input2, carry in set to one: inputl - 
input2 

•TCI: if input2<0, use SUB, else use ADD. This is 
used with inputl set to zero for obtaining a magnitude 
value from a two's compliment value* 

DCD (DC difference) : if input2<0 do ADC, otherwise do 
ADD. 

VRA (vector residual add) : if inputKO do ADC, 

otherwise do SBC. 

The Sign Extend Sub-Block 

This is a 12-bit unit which sign extends, in various 
modes, the input data from the size input. Size is a 4 bit 
value ranging from 0 to 11 (0 relates to the least 
significant bit, 11 to the most significant). Output is a 
12 bit modified data value, and the "sign" bit. 

In SGXMODE=NORMAL , all bits above (and including) the 
size-th bit, take the value of the size-th bit. All those 
below remain unchanged. Sign takes the value of the size- 
th bit. For example: 

data = 1010 1010 1010 

size = 2 

output = 0000 0000 0010, sign=0 

In SGXMOD-INVERSE, all bits above (and including) the 
size-th bit, take the inverse of the size-th bit, while all 
those below remain unchanged. Sign takes the inverse of 
the size-th bit. For example: 

data = 1010 1010 1010 

size = o 

output = mi nil mi, sign = 1 

In SGXMODE=DIFMAG , if the size-th bit is zero, all the 
bits below (and including) the size-th bit are inverted, 
while all those above remain unchanged. If the size-th bit 



is one, all bits remain unchanged. In both cases, sign 
takes the inverse of the size-th bit. This is used for 
obtaining the magnitude of AC difference values. For 
example : 

data = 0000 1010 1010 

size = 2 

output = 0000 1010 1101, sign = 1 

data = 0000 1010 1010 
size - 1 

output = 0000 1010 1010, sign = 0 

In SGXMODE=DIFCOMP, all bits above (but not including) 
the size-th bit, take the inverse of the size-th bit, while 
all those below (and including) remain unchanged. Sign 
takes the inverse of the size-th bit. This is used for 
obtaining two's compliment values for DC difference values. 
For example: 

data = 1010 1010 1010 

size = 0 

output = 1111 llll 1110, sign = 1 
B.3.5 Condition Codes 

There are two bytes (16 bits) of condition codes used by 
the Huffman block, certain bits of which are generated by 
the ALU/register file. These are the Sign condition code, 
the Zero condition code, the Extension condition code and 
a Change Detect bit. The last two of these codes are not 
really condition codes since they are not used by the 
Parser in the same way as the others. 

The Sign, Zero and Extension condition codes are updated 
when the Parser issues an instruction to do so, and for 
each, of these instructions the condition code valid signal 
is pulsed high once. 

The Sign condition code is simply the sign extend sign 
output latched, while the Zero condition code is set to 1 
if the input to the A register is zero. The Extension 
condition code is the input extension bit latched 
regardless of OUTSRC. 
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Condition codes may be used to evaluate certain condition 
types: 

■result equals constant - use subtract and Zero 
condition 

-result equals register value - use subtract and 
Zero condition 

• register equals constant - use subtract and Zero 
condition 

•register bit set - use sign extend and Sign condition 

• result bit set - use sign extend and Sign condition 
Note that when using the sign extend and Sign condition 

code combination, it is possible only to evaluate a single 
specified bit, rather than multiple bits as would be the 
case with a conventional logical AND* 

The Change Detect bit, in the present invention, is 
generated using the same logic as for the Zero condition 
code, but it does not have an associated valid signal. A 
bit in the microinstruction indicates that the Change 
Detect bit should be updated if the value currently being 
written to the register file is different from that already 
present (meaning that two clock cycles are necessary, first 
with REG-MODE set to READ and second with REGHODE set to 
WRITE) . A microprocessor interrupt can then be initiated 
if a changed value is detected. The Change Detect bit is 
reset by activating Change Detect in the normal way, but 
with REGMODE set to READ . 

The hardwired macroblock counter structure (which forms 
part of the register file- see below) also generates 
condition codes as follows: Mb_start, Pattern_Code, Restart 
and Pic_Start. 
B.3.6 The Register File 

The address map for the register file is shown below. It 
uses a 7-bit address space, which is common to both the ALU 
datapath and the UPI . A number of locations are not 
accessed by the ALU, these typically being counters in the 
hardwired macroblock structure, and registers within the 
ALU itself. The latter have dedicated access, but form 
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part of the address map for the UPI. Some multi-byte 
locations (denoted in the table by "0" for oversize) have 
a single ALU address, but multiple UPI addresses. 
Similarly, groups of registers which are indexed by the 
component count, CC (Indicated by I" in the table) are 
treated as a single location by -the ALU. This eases 
microprogramming for initialization and resetting, and also 
for block-level operations. 

All of the locations, except the dedicated ALU registers 
(UPI read only), are read/write, and all of the counters 
are reset to zero by a bit in the instruction word. The 
pattern code register has a right shift capability, its 
least significant bit forming the Pattern_Code condition 
bit. All registers in the hardwired macroblock structure 
are denoted in the table by "M" , and those which are also 
counters (n-bit) are annotated with Cn. 

In the present invention, certain locations have their 
contents hardwired to other parts of the Huffman sub- 
system-coding standard, two r-size locations, and a single 
location (2-bit word) for each of ac huff table and dc huff 
table to the Huffman Decoder, 

Addresses in bold indicate that locations are accessible 
by both the ALU and the UPI, otherwise they have UPI access 
only. Groups of registers that are undirected through CC 
by the ALU can have a single ALU address specified in the 
instruction word and CC will select which physical location 
in the group to access. The ALU address may be that of any 
of the registers in the group, though conventionally, the 
address of the first should be used. This is also the case 
for multi-byte locations which should be accessed using the 
lowest address of the pair, although in practice, either 
address will suffice. Note that locations 2E and 2F are 
accessible in the top-level address map (denoted "T" ) , 
i.e., not only through the keyhole registers. These two 
locations are also reset to zero. 

The register file is physically partitioned into four 
"banks" to improve access speed, but this does not affect 
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the addressing in any way. The main table shows 
allocations for MPEG, and the two repeated sections give 
the variations for JP EG and H.261 respectively. 
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ACd£_ location 



| Addf I Location" 





00 


A register 1 j 


I j3E 


c2 


1 1 




A register Q 


I 


3F 


C3 




J 

1 


(02 


run 




l.O 


40 


dc orecjj 1 






1U 


nonz pels 1 




(.0 


41. 


dc sreajD 0 


I "i 




1 1 


nonz pets 0 




i.O 


42 


ccptei^i ? | | j 




12 


ven pels i 




l.O 


43 


dc pred_i 0 j j j 




13 


ven pels 0 




l.O 


44 


dc ored_2 1 j | | 


1 14 


buff sue 1 




l.O 1 45 


dc pred_2 Oil, 




15 


turf size 0 




t o 


46 | dc pred_3 1 


1 i 




IS 


pel asp. ratio 




I. w 


4 / 


dc oreo_3 0 


1 1 ! 




17 


bit rate 2 




r\ 
\J 


50 


prev mnf 1 






18 


bit rate 1 




U 


51 


prev mnf 0 






19 


bit rate 0 




u 


52 


prev mvf 1 








1 A 


pic rate 




o 


53 


prev mvf 0 | | 




1B 


constrained 




0 


54 


prev mhb i 






1 p 


picture type 




0 


55 


prev mnb 0 






1 n 


H26i picture type 




0 


56 


prev mvb 1 


1 ! 




1 £ 


broken closed 




0 


57 


prevmvoo j i j 




^ f 


pred mode 




M 


60 


mo honz cnt 1 


C *3 f 


t 

i 




20 


vov delay 1 




M 


61 


mo honz cntO 






21 


vdv delay 0 




M 


62 


mb ven cr.t 1 


C13 | 






22 


full pel fwd 




M 


63 j 


mo vert cn:0 






23 


full pel bwd 




M 


64 


honz mb 1 






24 


horiz mb cooy 




M 


65 


honz mb 0 






25 


pic number 




M 


66 


ven mo 1 






26 


max h 




M 


67 


ven mo 0 


' 1 




27 


max v 




M 


63 


restan count i 


C16 | | 






28 






M 


69 


restart countO 


• i 1 

i 




29 






M 


6A 


restan gapi 


I i 




2A 






M 


63 


restart gapO 


! 1 




2B 






M 


6C 


honz blk count 


C2 | ! 




2C 


first group 




M 


60 


ven blk count 


C2 | j 




2D 


in oici Lire 




KM 


6E 


comp id 


C2 | ; 


T.R 


25 


rom control 




M 


6F 


max como id 


j I 


"R |2F 


rom revision 




H.R 


70 


coding std 




l.H 1 30 


dc huff 0 




M.H (71 


partem code 


SR3 ) : 


1 31 


dc nutf 1 




H 


72 


fwd r size 


1 1 


1 


32 


dc nuff 2 




H 


73 


bwd r size 




1 1 33 


dc nutf 3 












l.H 


34 


ac nuff 0 












! 


35 


ac nuff 1 . • 














36 


ac nuff 2 




M.i 


7B t 


iO 





Table B.3.1 Table 1: Huffman Register File Address Map 
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37 


ac nuff 3 




M.I 


79 


M 


1 l 




38 


tqO 




M.I 


7A 


h2 


1 ! — J 




39 


tql 




M.I 


78 


h3 


1 1 
i i 


I |3A 


tq2 




MJ 


7C 


vO 






38 


tq3 




M.I 


7D 


vl 






3C 


cO 




M.I 


7E 


v2 


i i 




30 


cl 




M.I 


7f 


^ ill 
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JPEG Variations: 





10 


horiz oels 1 






1 1 


hon7 nffl^ 0 






12 








n 


v^rr rvc 1 ^ 0 






14 


huff ^i2e 1 








htiff ^17^ n 

UUii \J 






1 fx 








1 7 


Kir Mf* 0 






I c 
I 0 


Kit r-ar^ 1 






19 








1 A 


nic rate 






IB 


constrained 






iC 


picture type 






ID 


H26 1 picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay i 






21 


vbv delay 0 






22 


pending frame ch 






23 


restart index 






24 


horiz mb copy 






25 


pic number 






26 


max h 






27 


max v 






28 








29 








2A 







Table B.3-2 JPEG Variations 
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2B 








2C 


first scan 






2D 


in picture 






2E 


rom control 






2F 


rom revision 





Table B,3,2 JPEG Variations 



H.261 Variations 



s 


10 horiz pels I 






11 


horiz pels 0 






12 


vert pels I 






13 


vert pels 0 






14 


buff size 1 






15 


buff size 0 






16 


pel asp. ratio 






17 


bit rate 2 






18 


bit rate I 






19 


bit rate 0 






1A 


pic rate 






IB 


constrained 






1C 


picture type 






ID 


H261 picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay I 






21 


vbv delay 0 






22 


full pel rwd 






23 


full pel bwd 






24 


horiz mb copy 






25 


pic number 






26 


max h 






27 


max v 






28 








29 








2A 








2B 


in gob 
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2C 


first group 






2D 


in picture 






2E 


rom control 






2F 


rom revision 





Table B.3.3 H.261 Variations 

B.3,7 The Microinstruction Word 

The ALU microinstruction word, in accordance with the 
present invention, is split into a number of fields, each 
controlling a different aspect of the structure described 
above. The total number of bits used in the instruction 
word is 36, (plus 1 for the extension bit input) and a 
minimum of encoding across fields has been adopted so that 
maximum flexibility of hardware configuration is 
maintained. The instruction word is partitioned as 
detailed below. The default field values, that is, those 
which do not alter the state of the ALU or register file, 
are those given in the italics. 
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Field 


Value 


Description 


Bits 


OUTSRC 


RSA6 


run, sign. A register as 6 bits 


0000 


( snecifies 


ZZA 


zero, zero, A register 


0001 


sources for 


2ZA8 


zero, zero. A register Is 8 bits 


0010 


run, sign and 


Z2ADDU4 


zero, zero, adder o/p ms 4 bits 


00 U 


level output) 


ZINPUT 


zero, input data 


OiCO j 




R5SGX 


run. sign, sign extend o/p 


0 1 1 1 | 




RSADD 


run, sign, adder o/p 


1000 




R2ADD 


run. zero, adder o/p 


1001 




RIZADD 


input run, zero, adder output j 




ZSADD 


zero, sign, adder o/p 


1010 




ZZADD 


zero, zero, adder o/p 


1011 




NONE 


no valid output - out_valid set to zero 


1 1 XX 


REGADDR 


00-7F 


register file address for ALU access 


7 bits 


REGSRC 


ADD 


drive adder o/p onto register file i/p | 


0 




sex 


drive sign extend o/p onto register file i/p 


1 


REGMODE 


READ 


read from register file | 


0 




WRITE 


write to register file j 


1 


CNGDET 


TEST 


update change detect if REGMODE is 
WRITE 


0 


{ change 


HOLD 


do not update change detect bit J 1 I 


detect) 


CLEAR 


reset change detect if REGMODE is READ 


0 | 



Table B.3.4 Table 2: Huffman ALU 
microinstruction fields 
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RUNSRC 


■RUNIN 


drive run i/p onto run register t/p 


0 


(run source) 


ADD 


drive adder o/p onto run register i/p 


1 


RUNMODE 


LOAD 


update run register 


0 




HOLD 


do not update run register 


i 


ASRC 


ADD 


drive adder o/p onto A register i/p 


00 


(A register 


INPUT 


drive input data onto A register i/p 


G! 


source) 


sex 


drive sign extend o/p onto A register t/p 


10 




REG 


drive register file o/p onto A register i/p 


li 


AMODE 


LOAD 


update A register 


0 


HOLD 


do not update A register I 






cion PYf^nH with ^iom 

il jil CAlCUU WlWl Olgil 




(.sign extena 








mode - see 


ULriviAu 


invert lower oils u sign oit is u 


1 A 


section 4) 


UlrLUtvlr 


sign extena wun ~sign irom next ou up 


1 1 


SIZcSRC 


CONST 


drive const, i/p onto sign extend size t/p 


nn 
UU 


(source for 


* 

A 


drive a register onto sign extena size up 


U l 


sign extend 


REG 


dnve reg.rue o/p onto sign extena size up 


J A 


size input) 


RUN 


drive run reg. onto sign extend size i/p 


1 1 


SGXSRC 


TV.TT5T ?T 
INPUT 


anve input aata onto sign extena aata up 




(sgx input) 


A 


an>e /\ register onto sign CAiena uaia up 


J 

1 


ADDMODE 


ADD 


input 1 + input2 


000 


(adder mode 


ADC 


inputl + input2 + 1 


UU 1 


see sect. 3) 


SBC 


input 1 - input2 - I 


010 




SUB 


inputl - input2 


011 




TCI 


SUB if input2<0, else ADD - 2's comp. 


100 




DCD 


ADC if input2<0, else ADD - DC diff 


101 




VRA 


ADC if input 1<0, else SBC-vec resid add 


no 


ADDSRC1 


A 


drive A register onto adder inputl 


00 


(source for 


REG 


drive register file o/p onto adder up 1 


01 


adder-i/p I - 


INPUT 


drive input data onto adder input! 


10 


non-invert) 


ZERO 


drive zero onto adder inputl 


11 


ADDSRC2 


CONST 


drive constant i/p onto adder inputl 


00 


(source for 


A 


drive A register onto adder input2 


01 


inverting 


INPUT 


drive input data onto adder input2 


10 i 


input) 


REG 


drive register file o/p onto adder i/p2 




CN DC- 
MODE 


TEST 


update condition codes 


0 



Table B.3.4 Tabie 2: Huffman ALU microinstruction fields 
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(cond. codes) 


HOLD 


do not update condition codes 


1 


CNTMODE 


NOCOUNT 


do not increment counters 


XOO 


(mbstructure 


BCINCR 


increment block counter and ripple 


001 


count mode) 


CCINCR 


force the component count to tner 


010 




RESET 


reset all counters in mb structure 


Oil 




DISABLE 


disable all counters 


I XX 


IN'STMODE 


MULTI 


iterate current instr multi times 


0 




SINGLE 


single cycle instruction only 


t 



Table B.3.4 Table 2: Huffman ALU microinstruction fields 
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SECTION B.4 Buffer Manager 

B. 4. l Introduction 

This document describes the purpose, actions and 
implementation of the Buffer Manager, in accordance with 
the present invention (bman) . 
B.4.2 Overview 

The buffer manager provides four addresses for the DRAM 
interface. These addresses are page addresses in the DRAM. 
The DRAM interface maintains two FIFOs in the DRAM, the 
Coded Data Buffer and the Token Data Buffer. Hence, for 
the four addresses, there is a read and a write address for 
each buffer. 
B.4.3 Interfaces 

The Buffer Manager is connected only to the DRAM 
interface and to the microprocessor. The microprocessor 
need only be used for setting up the "Initialization 
registers" shown in Table B.4.4. The interface with the 
DRAM interface is the four eighteen bit addresses 
controlled by a REQuest/ACKnowledge protocol for each 
address. (Since the Buffer Manager is not in the datapath, 
the Buffer Manager lacks a two-wire interface.) 

Furthermore, the Buffer Manager operates off the DRAM 
interface clock generator and on the DRAM interface scan 
chain. 

B.4.4 Address Calculation 

The read and write addresses for each buffer are 
generated from 9 eighteen bit registers: - 

Initialization registers (RW from microprocessor) 

"BASECB - base address of coded data buffer 

\ LENGTHCB - maximum size (in pages of coded data 

buffer 

* BASETB - base address of token data buffer 
LENGTHTB - maximum size (in pages) of token data 
buffer 

* LIMIT - size (in pages) of the DRAM. 
Dynamic registers (RO from microprocessor) 

* READCB - coded data buffer read pointer relative to 
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BASECB 

* NUMBERCB - coded data buffer write pointer relative 
to READCB 

* READTB - token data buffer read pointer relative to 
BASETB 

* NUMBERTB - token data buffer write pointer relative 
to READTB 

To calculate addresses 

readaddr = (BASE + READ) mod LIMIT 

writeaddr = (((READ + NUMBER) mod LENGTH) + BASE) mod 
LIMIT 

The "mod LIMIT" term is used because a buffer may wrap 
around DRAM. 

B.4.5 Block Description 

In the present invention, and as shown in Figure 127, the 
Buffer Manager is composed of three top level modules 
connected in a ring which snooper monitors the DRAM 
interface connection. The modules are baprtiz* (prioritize) , 
b«in»tr (instruction), and biruiic (recalculate) are arranged 
in a ring of that order and oamoop (snoopers) is arranged 
on the address outputs. The module, Baprtia* , deals with the 
REQ/ACK protocol, the FULL/EMPTY flags for the buffers and 
it maintains the state of each address, i.e., M is it a 
valid address?". From this information, it dictates to 
b«in«tr which (if any) address should be recalculated. It 
also operates the BUF_CSR (status) microprocessor register, 
showing FULL/EMPTY flags, and the buf_access microprocessor 
register, controlling microprocessor write access to the 
buflfer manager registers. 

The module, tainstr, on being told by b»prtix« to calculate 
an address, issues six instructions (one every two cycles) 
to control b«r«caic to calculating an address. 

The module, B»r«calc, recalculates the addresses under the 
instruction of bainstr. Running an instruction every two 
cycles, it contains all of the initialization and dynamic 
registers, and a simple ALU capable of addition, 
subtraction and modulus. It informs sb«prti*« of FULL/ EMPTY 



states it detects and when it has finished calculating an 
address, 

B.4.6 Block Implementation 
B.4.6.1 Bmprtize 

5 At reset, the buf_access microprocessor register is set 

to one to allow the setting up of the initialization 
registers. While buf_access reads back one, no address 
calculations are initiated because they are meaningless 
without valid initialization registers. 

10 Once buf_access is de-asserted (write zero to it) bmprtize 

goes about making all the addresses valid (by recalculating 
them) since its purpose is to keep all four addresses 
valid. At this stage, the Buffer Manager is "starting up" 
(i.e., all addresses have not yet been calculated), thus, 

15 no requests are asserted. • Once all addresses have become 
valid start-up ends and all requests are asserted. From 
this point forward, when an address becomes invalid 
(because it has been used and acknowledged) it will be 
recalculated. 

20 No prioritizing between addresses will ever need to be 

performed, because the DRAM interface can, at its fastest, 
use an address every seventeen cycles, while the Buffer 
Manager can recalculate an address every twelve cycles. 
Therefore, only one address will ever be invalid at one 

25 time after start-up. Accordingly, bmprtize will recalculate 
any invalid address that is not currently being calculated. 

In the invention, start-up will be re-entered whenever 
buf_access is asserted and, therefore, no addresses will be 
supplied to the DRAM interface during microprocessor 

30 accesses. 

B.4.6.2 Bminstr 

The module, Bminstr, contains a MOD 12 cycle counter (the 
number of cycle it takes to generate an address) . Note 
that even cycles start an instruction, whereas odd cycles 

3 5 end an instruction. The top 3 bits along with whether it 
is a read or a write calculation are decoded into 
instructions for bmrecalc as follows: 
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For read addresses: 



Cycle 


OoeraDon 


3usA 


Bus 8 


Result 


M-ar.rrg ol 


0-1 


ADO | READ | BASE 




1 


2-3 


MOO 


Accum 


LIMIT 


Address | 


4-5 


AOO 


REAO 






l 
1 


6-7 


MOD 


Accum j LENGTH 


REAO 


1 


8-9 


SUB 


NUMBER 


•r 


NUMBER 




10-11 


MOO 


*0 - 


Accum 




SET.EMPTY 

(NUMBER >=0) j 



Table B.A.I Read address calculation 

For write addresses: 



Cycle 


Operation 


BuSA 


BusB 


Result 


Meantng o( 
result's sign 


0-1 ADO 


NUMBER REAO 


i i 




MOD 


Accum 


LJMfT 




4-5 


ADO 


Accum 


BASE 


l 


6-7 j MOO Actum 


UMIT 


Address j 


8-9 


ADO j NUMBER 


•r 


NUMBER 


10-11 


MOO 


Accum- 


LENGTH 




SET.FULL 
(NUMBER 

! 

LENGTH) 



Table B/4.2 For write address calculations 



10 
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Note: The result of the last operation is always held in 
the accumulator. 
When there is no addresses to be recalculated, the cycle 
counter idles at zero, thus causing an instruction that 
writes to none of the registers. This has no affect. 
B.4.6.3 Bmrecalc 

The nodule, Bmrecalc, performs one operation every two 
clock cycles; It latches in the instruction from bminstr 
(and which buffer and io type) on an even counter cycle 
( start_alu_cyc) , and latches the result of the operation on 
an odd counter cycle ( end_a lu_cyc) . The result of the 
operation is always stored in the "Accum" register in 
addition to any registers specified by the instruction. 
Also, on end_alu_cyc, bmrecalc informs bmprtiz* as to whether 
15 the use of the address just calculated will make the buffer 
full or empty, and when the address and full/empty has been 
successfully calculated (load_addr). 

Full/empty are calculated using the sign bit of the 
operation's result. 
20 The modulus operation is not a true modulus, but A mod B 

is implemented as: 
(A>B? (A-B) : A) 

however this is only wrong when 
A> (2B-1) 
2 5T which will never occur. 

B.4.6.4 Bmsnoop 

The module, Bmsnoop, is composed of four eighteen bit 
super snoopers that monitor the addresses supplied to the 
DRAM interface. The snooper must be "super" (i.e., can be 
30 accessed with the clocks running) to allow on chip testing 
of. the external DRAM. - These snoopers must work on a 
REQ/ACK system and are, therefore, different to any other 
on the device. 

REQ/ACK is used on this interface, as opposed to a two- 
35 wire protocol because it is essential to transmit 
information (i.e., acknowledges) back to the sender which 
an accept will not do) . Hence, this rigorously monitors 
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the FIFO pointers. 
B.4.7 Registers 

To gain microprocessor write access to the initialization 
registers, a one should be written to buf_access, and 
access will be given when buf_access reads back one. 
Conversely, to give up microprocessor write access, zero 
should be written to buf_access. Access will be given when 
buf_access reads back zero. Note that buf_access is reset 
to one. 

The dynamic and initialization registers of the present 
invention may be read at any time, however, to ensure that 
the dynamic registers are not changing the microprocessor, 
write access must be gained. 

It is intended that the initialization registers be 
written to only once. Re-writing them may cause the 
buffers to operate incorrectly. However, it is envisioned 
to increase the buffer length on- the- f ly and to have the 
buffer manager use the new length when appropriate. 

No check is ever made to see that the values in the 
initialization registers are sensible, e.g., that the 
buffers do not overlap. This is the user's responsibility. 




Table b.4.3 Buffer manager non-)ceyhole registers 



Where D indicates a registers bit and x shows no register 
bit. 



Keyhole Register Name 


Usage 


Key hole Address 


CED_9UF_C8_8ASS_3 


xxxxdcxxx 1 0x00 


C£D„BUF.C8.8AS£_2 


xsootxOO 


0x0 ! 


CE0.8UF.C8.8ASE.1 


ooooooco 


0x02 


CED.8UF.C8.BASS.0 


ooooocoo 


0x03 


CEO_BUF_C8j.ENGTH_3 


xrxcocxx 


0xO4 


CE0.3UF.C8.LSNGTH.2 


xjooocxDO 


0x05 


CEO.SUF.CB.UENGTH^I 


OODDODDD 


0x06 


CEO_9UF_C8_LENGTH.O 


DODDDOOD 


0x07 


CcD_3UF_CS_READ_3 


XXXSOCXXX 


oxoa | 

i 


[ CED_SUFj:8_READ_2 


xxxxxxDO 


0x09 


CE2.3lJF_Ca.flEAO.t 


00DD3DCO 


0x0a 


1 CS0_5Ur_C8_REA0J> 


ODDDOODO 


0x0b | 


CS3_3UF_CS - NUM8E«_3 


xxxTmcxx 


oxoc ! 

t 



e B.4.4 Registers in buffer manager keyhole 
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Keyhole Register Name 


Usage 


Key *oie Address 


CEC_BUF_C3.NUM8ER_2 


xxxxxxOO 


OxOd 


CED_8UF_C3_NUM8SR_1 




OxOe 


CED.3UF_C3_NUM8ER_0 




OxOf j 


CS0.3UF.T8.8ASS.3 


xxxxxxxx 


OxtO 


CE2_8UF_73_8ASE_2 


xxxxxxOD 


0x11 


CED_8UF_TB_8AS£J 




0x12 


CED.3UF.T8.8ASE.0 


ZZZDZOOO 


0x13 


CED.3UF.T3.LENGTH_3 


xxxxxxxx 


0x14 | 


CED_3UF_T3_L£NGTH_2 


- xxxxxxOD 


0x15 ! 

t 


CED_8UF_T3_LENGTH_1 


00DDC2D0 


0x15 | 


CED_BUF_TB_LENGTH_0 


DDDDCDOO 


0x17 j 


CED_8UF_T3_READ_3 


xxxxxxxx 


0x18 


CSD_3UFJ*3_R£AO_2 


xxxxxxCO 


0x19 j 


CED_8UF_T3_REA0.1 




0x1a j 


CED_8UFJT3 - READ_G 




Oxtb | 


CED_8UFJT3_NUM8ER_3 


xxxxxxxx 


Oxlc 


CEO„8UF.TB.NUM8ER_2 


xxxxxxOD 


Oxld | 


CcD_8UF.T8_NUMBSR„l 


DDCOCCDO 


Oxte | 


CEO,8UF„T3,NUM8£R.O 


DCOODOOO 


0x1/ 


CED_8UFJJMIT_3 


XXXJOOOCX 


0x20 1 

i 


CE0.8UF.L1M1T.2 


XXXJQCX3P 


0x21 j 


CSD.8UF.UMIT.1 


0O30D0D0 


0x22 | 


CED.BUFJJMITJ) 


OODODOOO 


0x23 


C£D_8UF_CSR 


xxxxDSOO 


0x24 j 



Table B.4,4 Registers in buffer manager keyhole 

B.4.8 Verification 

Verification was conducted in Lsim with small FIFO's onto 
a dummy DRAM interface, and in C-code as part of the top 
level chip simulation. 
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Testing 

Test coverage to the bman is through the snoopers in 
bm*noop, the dynamic registers (shown in B.4.4) and using the 
scan chain which is part of the DRAM interface scan chain. 



SECTION B.5 Inverse Modeler 
B » 5 ♦ i Introduction 

This document describes the purpose, actions and 
implementation of the Inverse Modeller (i«od«i) and the 
5 Token Formatter (hsppk) , in accordance with the present 
invention . 

Note: hsppk is a hierarchically part of the Huffman 
Decoder, but functionally part of the Inverse Modeller. It 
is, therefore, better discussed in this section. 

10 B.5.2 Overview 

The Token buffer, which is between the iaodei and hsppk, 
can contain a great deal of data, all in off-chip DRAM . To 
ensure that efficient use is made of this memory, the data 
must be in a 16 bit format. The Formatter "packs" the data 

15 from the Huffman Decoder into this format for the Token 
buffer. Subsequently, the Inverse Modeler "unpacks" data 
from the Token buffer format. 

However, the Inverse Modeller's main function is the 
expanding out of "run/ level" codes into a run of zero data 

20 followed by a level. Additionally, the Inverse Modeller 
ensures that DATA tokens have at least 64 coefficients and 
it provides a "gate" for stopping streams which have not 
met their start-up criteria. 
B. 5 . 3 Interfaces 

2 5* B.5. 3.1 Hsppk 

In the present invention, Hsppk has the Huffman Decoder 
as input and the Token buffer as output. Both interfaces 
are of the two-wire type, the input being a 17 bit token 
port, the output being 16 bit "packed data", plus a FLUSH 

30 signal. In addition, Hsppk is clocked from the Huffman 
clock generator and, thus, - connected to the Huffman scan 
chain . 

B.5 .3.2 Imodel 

imodei has the Token buffer start-up output gate logic 
35 (bsogi) as inputs and the Inverse Quantizer as output. 
Input from the Token buffer is 16 bit "packed data", plus 
block_end signal, from the bsogi is one wirestream_enable . 



Output is an 11 bit token port. All interfaces are 
controlled by the two-wire interface protocol. Imodel has 
its own clock generator and scan chain. 

Both blocks have microprocessor access only to the 
5 snoopers at their outputs. 
B.5.4 BlocX description 
B . 5 . 4 . 1 Hsppfc 

Hsppk takes in the 17 bit data from the Huffman and 
outputs 16 bit data to the Token buffer. This is achieved 
10 by first, either truncating or splitting the input data 
into 12 bit words, and second by packing these words into 
a 16 bit format. 
B. 5. 4 . l» 1 Splitting 

Hsppk receives 17 bit data from the Inverse Huffman. 
15 This data is formatted into 12 bits using the following 
formats . 

Where F = specifies format; E = extension bit; R - Run 
bit; L = length bit (in sign mag.) or non-DATA token bit; 
x = don't care. 
2 0 FLLLLLLLLLLLFormat 0 

ELLLLLLLLLLLFormat 0a 

FRRRRRRO 0 000 Format 1 

Normal tokens only occupy the bottom 12 bits, having the 
form: 

2 5 ExxxxxxLLLLLLLLLLL 

This is truncated to format Oa 
However, DATA tokens have a run and a level in each word in 
the form: 

ERRRRRRLLLLLLLLLLL . 

3 0 This is broken in to the formats: 

ERRRRRRLLLLLLLLLLL- > FRRRRRRO OOOOFormat 1 
ELLLLLLLLLLLFormat Oa 

Or if the run is zero format 0 is used: 
E 0 0 0 0 0 0 LLLLLLLLLLL- > FLLLLLLLLLLLForma t 0 
3 5 it can be seen that in the format 0,the extension bit is 

lost and assumed to be one. Therefore, it cannot be used 
where the extension is zero. In this case, format 1 is 
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unconditionally used . 
B .5.4.1.2 Packing 

After splitting, all data words are 12 bits wide. Every 
four 12 bit words are "packed" into three 16 bit words: 



Input words 


Output wor as 


ooooooooooco 


0COO00OOOCCCLI1I 


UUUlllill 


11:1:1112222222: 


222222221:22 


2222333333333333 


333333333333 





5 Table B«5.1 Packing method 

B.5»4»l.3 Flushing of the buffer 

The DRAM interface of the present invention collects a 
block, 3 2 sixteen bit "packed" words, before writing them 
to the buffer. This implies that data can get stuck in the 

10 DRAM interface at the end of a stream, if the block is only 
partially complete. Therefore a flushing mechanism is 
required. Accordingly, .H«ppk signals the DRAM interface to 
write it current partially complete block unconditionally. 
B.5»4.2.1 Imup rUnPacker) 

15 Imup performs three functions: 

4) Unpacking data from its sixteen bit format into 12 
bit words. 



Input words - 


Outout words 


occoocoocooom: 


00000000000O 


1111111122222222 


illlllllllll 


2222333333333333 


222222222222 




333333333333 



Table B.5*2 Unpacking method 



5) Maintaining correct data during flushing of the 
Token buffer. • ' 

When the DRAM interface flushes, by unconditionally 
writing the current partially complete block, rubbish data 
remains in the block. The imup must delete rubbish data, 
i.e., delete all data from a FLUSH token, until the end of 
a block. 

6) Holding back data until Start-up Criteria are met. 

Output of data from the block is conditional that a 
"valid" (stream_enable) is accepted from the Buffer Start- 
up for each different stream. Consequently, twelve bit 
data is output to hsppk. 
B.5.4.2.2 imex (Expander) 

In the invention, imax expands out all run length codes 
into runs of zeros followed by a level. 
B . 5 « 4 « 2 ♦ 3 Impad (PADder) 

impad ensures that all DATA Token bodies contain 64 (or 
more) words. It does this by padding the last word of the 
Token with zeros. DATA Tokens are not checked for having 
over 64 words in the body. 
B.5,5 Block implementation 
B.5.5.1 Hsppk 

Typically, both the Splitting and packing is done in a 
single cycle. 
B « 5 « 5 . 1 « 1 Splitting 

First, the format must be determined 
IF (datatoken) 

IF (last format i) use format Oa ; 
ELSE IF (run == 0) use format 0; 

ELSE use format 1; 
ELSE use format Oa; 
and format bit determined 
format 0 format bit » 0; 
format Oa format bit = extension bit; 
format 1 format bit = 1; 

If format 1 is used, no new data should be accepted in 
the next cycle because the level of the code has yet to be 
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output . 

B. 5. 5. 1,2 Packing 

The packing procedure cycles every four valid data 
inputs. The sixteen bit word output is formed from the 
last valid word, which is held, and the succeeding word. 
If this is not valid, then the output is not valid. The 
procedure is: 





Held Word 


Succeeding Word 


Packed Word 




valid cycle 0 


XXXJOC30C30CXXX 


000000000000 


xxxxxxxxxxxxxxxx j don't cutcut 


valid cycle t 


000000000000 




oooooooooooci::: 


OUlpLft 


vatid cycle 2 


1111111111111 


222222222222 


1111111122222222 


output 


valid cycle 3 


222222222222 




222233333333 3333 


OUtBUt 



Table B.5.3 Packing procedure 

Where x indicates undefined bits. 

During valid cycle 0, no word is output because it is not 
valid . 

The valid cycle number is maintained by a ring counter. 
It is incremented by valid data from the splitter and an 
accepted output. 

When a FLUSH (or picture_end) token is received and the 
token itself is ready to output, a flush signal is also 
output to the DRAM interface to reset the valid cycle to 
zero. If a FLUSH token arrives on anything but cycle 3, 
the flush signal must be delayed a valid cycle to ensure 
the token itself it output. 
B'. 5.5.2 Imodel 
B5.5.2.1 lamp (Unpacker) 

As with the packer, the last valid input is stored, and 
combined with the next input, allows unpacking. 
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1 

t 

t 


Succeeding wcrd 


Heid Word 


Unpacked Were J | 


J valid cycfe 0 | ooQCCGCCOOOOUi; 


xxxxxxxxxxxxxxxx j 000000000 DC 0 j tncul i 


j van<3 cycte t 


i::;i:l:22222222 | ooccocoooooomi 


■ 1 1 1 1 : j mout ; 


] valid cycle 2 


2222113333333333 


:ii::ill22222222 


222222222222 { Con t ' 


| vatid cyc:e 3 

t 


2222333333333333 


1111111122222222 


333333333333 





Table B.5.4 Unpacking procedure 

Where x indicates undefined bits 

The valid cycle is maintained by a ring counter. The 
unpacked data contains the token's data, flush and 
5 PICTURE_END decoded from it. Additionally, format and 
extension bit are decoded from the unpacked data, 
f ormatbit_is_extn = (lastformat — 1} 11 databody 
format = databody && (formatbit lastf ormatbit ) 
for token decoding and to be passed on to imex. 
10 When a FLUSH (or picture_end) token is unpacked and 

output to imex, all data is deleted (Valid forced low) 
until the block end signal is received from the DRAM 
interface . 

B.5«S»2.2 Imex (EXpander) 

15 In accordance with the present invention, imex is a four 

state machine to expand run/ level codes out. The state 
nachine is: 

-stateO: load run count from run code. 

•state 1: decrement run count, outputting zeros. 
20 -state 2: input data and output levels; default state. 

•state 3: illegal state. 
B.5.5.2.3 Imoad (PADder) 

impad is informed of DATA Token headers by iaex. Next, it 
counts the number of coefficients in the body of the token. 
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If the token ends before there are 64 coefficients, zero 
coefficients are inserted at the end of the token to 
complete it to 64 coefficients. For example, unextended 
data headers have 64 zero coefficients inserted after them. 
DATA tokens with 64 or more coefficients are not affected 

by impad . 
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B.5.6 Registers 

The imodel and hsppk of the present invention do not have 
microprocessor registers, with the exception of their 
snooper . 



Register Name 


Usage 


Address 


CEDJ-LSNP.2 


VAxjoouoc 


0x49 


CEDJ-LSNPJ 


DDDDDCDO 


0x4a 


CEO.H.SNP.Q 


DDDDDDCD 


0x45 


CEDJM_SNP_1 


VAExxDDO 


0x4a 


CEOJM.SNP.O 


DDDDDCDO 


Ox4<3 



5 Table 8.5.5 Imodel & hsppk registers 

Where V = valid bit; A = accept bit; E - extension bit; 
D = data bit. 
B. 5*7 Verification 

Selected streams run through Lsira simulations* 
10 B.5.8 Testing 

Test coverage to the iaodel at the input is through the 
Token buffer output snooper t and at the output through the 
inodei's own snooper. Logic is covered the i«ode>i's own scan 
chain . 

15 The output of the hsppk is accessible through the huffman 

output snooper. The logic is visible through the huffman 
scan chain. 
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SECTION B.6 Buffer Start-up 

B.Sol introduction 

This section describes the method and implementation of 
the buffer start-up in accordance with the present 
invention. 
B.6.2 Overview 

To ensure that a stream of pictures can be displayed 
smoothly and continuously a certain amount of data must be 
gathered before decoding can start.. This is called the 
start-up condition. The coding standard specifies a VBV 
delay which can be translated, approximately, into the 
amount of data needed to be gathered. It is the purpose of 
the "Buffer Start-up M to ensure that every stream fulfills 
its start-up condition before its data progresses from the 
token buffer, allowing decoding. It is held in the buffers 
by a notional gate (the output gate) at the output of the 
token buffer (i.e., in the Inverse Modeler). This gate 
will only be open for the stream once its start-up 
condition has been met. 
B.6. 3 Interfaces 

B»catbit (Buffer Start-up bit counter) is in the datapath, 
and communicates by two-wire interfaces, and is connected 
to the microprocessor. It also branches with a two-wire 
interface to b«ogl (Buffer Start-up Output Gate Logic) . 
BS09I via a two-wire interface controls imip (Inverse Modeler 
UnPacker) , which implements the output gate. 
B.6.4 Block Structure 

As shown in Figure 130, B»cntbit lies in the datapath 
between the Start Code Detector and the coded data buffer. 
This single cycle block counts the valid words of data 
leaving the block and compares this number with the start- 
up condition (or target) which will be loaded from the 
microprocessor. When the target is met, bsogl is informed. 
Data is unaffected by b«cnt±>it. 

B»ogl lies between b»cntbit and i»up (in the inverse 
modeler). In effect, it is a queue of indicators that 
streams have met their targets. The queue is moved along 
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by streams leaving the buffers (i.e., FLUSH tokens received 
in the data stream at imup), when another "indicator" is 
accepted by i»up. If the queue is empty (i.e., there are no 
streams in the buffers which have yet met their start-up 
target) the stream in imup is stalled. 

The queue only has a finite depth, however, this may be 
indefinitely expanded by breaking the queue in bsogi and 
allowing the microprocessor to monitor the queue. These 
queue mechanisms are referred to as internal and external 
queues respectively. 
B*6.5 Block Implementation 

B. 6,5.1 Bsbitcnt (Buffer Start-up bit counter) 

Bscntbit counts all the valid words that are input into 
the buffer start-up. The counter (btetr) is a programmable 
counter of 16-24 bits width. Moreover, bsctr has carry look 
ahead circuitry to give it sufficient speed. Bsctr's width 
is programmed by ced_bs_prescale . It does this by forcing 
bits 8-16 high, which makes them always pass a carry. They 
are, therefore, effectively not used. Only the top eight 
bits of bsctr are used for comparisons with the target 
(ced_bs_target) . 

The comparison (ced_bs_count >=ced_bs_target ) is done by 
bscmp * 

The target is derived from the stream when the stream is 
in the Huffman Decoder and calculated by the 
microprocessor. It will, therefore, only be set sometime 
after the start of the stream. Before start-up, the 
target_valid is set low. Writing to ced_bs_target sets 
target_valid high and allows comparisons in bscmp to take 
place. When the comparison shows ced_ bs^count >= 

ced__bs_target, target_valid is set low. The target has 
been met. 

When the target is met the count is reset. Note, it is 
not reset at the end of a stream. In addition, counting is 
disabled after the target is met if it is before the end of 
the stream. The count saturates to 255. 

When a streafn * ends (i.e., a flush) is detected in 
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bsbitent, an abs_f lush^event is generated. If the stream 
ends before the target is met, an additional event is also 
generated (bs_f lush_bef ore_target_met_event) . When any of 
these events occur, the block is stalled. This allows the 
user to recommence the search for the next stream's target 
or in the case of a bs_f lush_bef ore_target_met_event event 
either : 

1) write a target of zero which will force a target_met 
or 

2) note that target was not met and allow the next 
stream to proceed until this combined with the last 
stream reaches the target. The target for this next 
stream can should adjusted accordingly. 

B.6.5.2 BSOGL (buffer start-up output gate logic) 

As previously described, B«ogi is a queue of indicators 
that a stream has met its target. The queue type is set by 
ced_bs_queue (internal(O) or external ( 1} ) . This is a reset 
to select an internal queue. The depth of the queue 
determines the maximum number of satisfied streams that can 
be in the coded data buffer, Huffman, and token buffer. 
When this number is reached (i.e. the queue is full) bsogi 
will force the datapath to stall at bsbitcnt. 

Using an internal queue requires no action from the 
microprocessor. However, if it is necessary to increase 
the depth of the queue, an external queue can be set (by 
setting ced_bs_access to gain access to ced bs_q\ieue which 
should be set, target_met_event and stream_end_event 
enabled and access relinquished) . 

The external queue (a count maintained by the 
microprocessor) is inserted into the internal queue. The 
external queue is. maintained by two events. 
target_met_event and stream_end_event . These can simply be 
referred to as service_queue__input and service_queue_output 
respectively] and a register ced_bs_enable_nxt_stream. In 
effect, target_met_event is the up stream end of the 
internal queue supplying the queue. Similarly, 
ced bs enable nxt stream is the down stream end of the 
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internal queue consuming the queue. Similarly, 
stream_end_event is a request to supply the down stream 
queue ; stream_end_event resets ced_bs_enable_nxt_stream . 
The two events should be serviced as follows: 

/• TARGET.M2T.r/aNT V 
j» micro_read(CiD.3S - =2IA3L£ - MXT_5TM) ; 
if {j ==0} /'Is next stream enabled ?*/ 
{ / *no , enable it* / 
sicro - wrice(CSD_3S_£NABLS_NXT_STM r 1) ; 

prir.tfp enable nexc stream (queue - Gx%x) \n* , ( context ->qMeue.- 

} 

else /*yes, increment the queue of * targe t_met* streams'/ 

{ 

queue** ; 

?rir.tf(" stream already enabled (queue - Ox%x)\r.'. f:cr.:sx:- 
> queue J ) ; 

} 

I w STREAM^ EVENT */ 

if (queue > 0) /*are there any • target_mets* left? */ 
(/•yes, decrement the queue and enable another stream */ 
queue — ; 

aicro_wrice{CHO - SS_SNABLS,N3cr_STM. 1) ; 

princfC enable next stream (queue = 0x%x)\n*. ( context ->-r:e.2 . 
} 

else 

printfr queue empty cannot enable next stream (queue = Cx%x)\r.'. 
nueue) ; 

racr3 -«i«<csD_svsrr_i. i << 3S_ST?x\K_^D_r/H:rr> ; /* clear event 
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The queue type can be changed from internal to external 
at any time (by the means described above) , but they can 
only be changed external to internal when the external 
queue is empty (from above ,, queue==0" ) , by setting 
ced_bs_access to gain access to ced_bs__queue which should 
be reset, target_met_event and stream_end_event masked , and 
access relinquished . 

On the other hand, disable checking of stream start-up 
conditions, set ced_bs_queue (external), mask 
target_met__event and stream_end_event and set 
ced_bs_enable_nxt_stream. In this way, all streams will 
always be enabled. 
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Microprocessor registers 



Register name 


Usage 


Address 


ceo.as.ACCsss 


| xxxxxxxO 


0x10 | 


j CSD.SS.PRSSCALE* 


xxxxxDDD 


0x11 


CED.3S .TARGET* 


0000000D 


0x12 | 


CED.BS.COUNT- 


OCDOOOOO 


0x13 j 


3S_FLUSH_cVENT 


rrrrrOrr 


0x02 


3S.rLUSH.MASK 


rrrrrOrr 


0x03 


8S.FLUSH_3EFOR£.7ARGE7.ME 


rrrrOrrr 


0x02 








aS_FLUSH_3ErORS.TARGET_MS 


rrrrorrr 


0x03 


T_MASK 







Table B.6.1 Bscntbit registers 



Register name 


Usage 


Address 


TARG ET.MET.E VENT 


rrrOrrrr 


0x02 


TARGsT.MET.MASK 


rrrOrrrr 


0x03 | 


STREAM.ENO.EVENT 


rrOrrrrr 


0x02 


STREAM.ENO.MASK 


rrorrrrr 


0x03 j 


Table B.6.2 B*ogi registers 


Register name 


Usage 


Address 


CED.BS.QUEUE' j 


xxxxxxxO | 


0X14 


C50.8S.ENABL£.NXT_STM* 


xxxxxxxO 


0xi5 



Tabi43.6.2 fisoglregisters 
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where 

■ D is a register bit 

• x is a non-existent register bit 

• r is a reserved register bit 
5 • to gain access to these registers ced_bs_access must be 

set to one and polled until it reads back one, unless in an 
interrupt service routine. Access is given up by setting 
ced bs access' to zero* 



10 
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SECTION B.7 The DRAM Interface 

B.7.1 Overview 

In the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM interface 
block for that particular chip. In- all three devices, the 
function of the DRAM interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

The DRAM interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 
15 Data is usually transferred between the DRAM Interface 

and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
20 double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 
2 5 Each of the chips has four swing buffers, but the 

function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 

2 0 DRAM and the fourth to read tokenized data from the DRAM. 

In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 

3 5 Video Formatter, one swing buffer is used to transfer data 

to the DRAM and the other three are used to read data from 
the DRAM, one for each of Luminance ( Y) and the Red and 
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Blue color difference data (Cr and Cb, respectively) . 

The following section describes the operation of a DRAM 
interface in accordance with the present invention, which 
has one write swing buffer and one read swing buffer, which 
5 is essentially the same as the operation of the Spatial 
Decoder DRAM Interface, This is illustrated in Figure 131, 
"DRAM Interface, M « 
B.7.2 A Generic DRAM Interface 

Referring to Figure 131, the interfaces to the address 
10 generator 420 and to the blocks which supply and take the 
data are all two wire interfaces. The address generator 
420 may either generate addresses as the result of 
receiving control tokens, or it may merely generate a fixed 
sequence of addresses. The DRAM interface 421 treats the 
15 two wire interfaces associated with the address generator 
in a special way. Instead of keeping the accept line high 
when it is ready to receive an address, it waits for the 
address generator to supply a valid address, processes that 
address and then sets the accept line high for one clock 
2 0 period. Thus, it implements a request/acknowledge 

(REQ/ACK) protocol, 

A unique feature of the DRAM Interface is its ability to 
communicate with the address generator and the blocks which 
provide or accept the data completely independent of the 

2 5 other. For example, the address generator may generate an 

address associated with the data in the write swing buffer, 
but no action will be taken until the write swing buffer 
signals that there is a block of data which is ready to be 
written to the external DRAM 422. However, no action is 

3 0 taken until an address is supplied on the appropriate bus 

from the address generator. Further, once one of the RAMs 
in the write swing buffer has been filled with data, the 
other may be completely filled and "swung" to the DRAM 
Interface side before the data input is stalled (the two- 
3 5 wire interface accept signal set low) . 

In understanding the operation of the DRAM Interface of 
the present invention, it is important to note that in a 
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properly configured system the DRAM Interface will be able 
to transfer data between the swing buffers and the external 
DRAM at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 
5 Each DRAM Interface contains a method of determining 

which swing buffer it will service next. In general, this 
will be either a "round robin" , in which the swing buffer 
which is serviced is the next available swing buffer which 
has less recently had a turn, or a priority encoder in 

10 which some swing buffers have a higher priority than 
others- In both cases, an additional request will come 
from a refresh request generator which has a higher 
priority than all the other requests. The refresh request 
is generated from a refresh counter which can be programmed 

15 via the microprocessor interface. 
B.7.2.1 The Swing Buffers 

Figure 132 illustrates a write swing buffer. The 
operation is as follows: 

1) Valid data is presented at the input 430 (data in) . As 
20 each piece of data is accepted it is written into RAMI 

and the address is incremented. 

2) When RAMI is full, the input side gives up control 
and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes 

2 5 between two asynchronous clock regimes, and so passes 

through three synchronizing flip-flops. 

3) The next item of data to arrive on the input side is 
written into RAM2 , which is still empty. 

4) When the round robin or priority encoder indicates 

3 0 that it is the turn of this swing buffer to be read, 

the DRAM Interface reads the contents of RAMI and 
writes them to the external DRAM. A signal is then 
sent back across the asynchronous interface, as in 
(2) , to indicate that RAMI is now ready to be filled 
3 5 again. 

5) If the DRAM Interface empties RAMI and "swings" it 
before the input side has filled RAM2 , then data can 



be accepted by the swing buffer continually, otherwise 
when RAM2 is filled the swing buffer will set its 
accept signal low until RAMI has been "swung" back for 
use by the input side. 
5 6)This process is repeated ad infinitum. 

The operation of a read swing buffer is similar, but 
with input and output data busses reversed. 
B. 7,2.2 Addressing of External DRAM and Swing Buffers 

The DRAM Interface is designed to maximize the available 
10 memory bandwidth. Consequently, it is arranged so that 
each 3x3 block of data is stored in the same DRAM page. In 
this way full use can be made of DRAM fast page access 
modes, where one row address is supplied followed by many 
column addresses. In addition, a facility is provided to 
15 allow the data bus to the external DRAM to be 8 , 16 or 32 
bits wide, so that the amount of DRAM used can be matched 
to the si2e and bandwidth requirements of the particular 
application . 

In this example (which is exactly how the DRAM Interface 

20 on the Spatial Decoder works) , the address generator 
provides the DRAM Interface with block addresses for each 
of the read and write swing buffers* This address is used 
as the row address for the DRAM . The six bits of column 
address are supplied by the DRAM Interface itself, and 

2S these bits are also used as the address for the swing 
buffer RAM. The data bus to the swing buffers is 32 bits 
wide, so if the bus width to the external DRAM is less than 
32 bits, two or four external DRAM accesses must be made 
before the next word is read from a write swing buffer or 

3 0 the next word is written to a read swing buffer (read and 
write refer to the direction of transfer relative to the 
external DRAM) . 

The situation is more complex in the cases of the 
Temporal Decoder and the Video Formatter. These are 

35 covered separately below. 

B.7.3 DRAM Interface Timing 

.In the present invention, the DRAM Interface Timing block 



uses timing chains to place the edges of the DRAM signals 
to a precision of a quarter of the system clock period. 
Two quadrature clocks from the phase locked loop are used. 
These are combined to form a notional 2x clock. Any one 
5 chain is then made from two shift registers in parallel, on 
opposite phases of the "2x clock". 

First of all, there is one chain for the page start cycle 
and another for the read/write/refresh cycles. The length 
of each cycle is programmable via the microprocessor 

10 interface, after which the page start chain has a fixed 
length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
This pulse travels along the chains, being directed by the 

15 state information from the DRAM Interface. The DRAM 
Interface clock is generated by this pulse. Each DRAM 
Interface clock period corresponds to one cycle of the 
DRAM. Thus, as the DRAM cycles have different lengths, the 
DRAM Interface clock is not at a constant rate. 

20 Further, timing chains combine the pulse from the above 

chains with the information from DRAM Interface to generate 
the output strobes and enables (notcas, notras, notwe, 
notoe) . 
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SECTION B.8 In verse Quantizer 
B.8.1 Introduction 

This document describes the purpose, actions and 
implementation of the inverse quantizer, (iq) in accordance 
5 with the present invention. 
B.8. 2 Overview 

The inverse quantizer reconstructs coefficients from 
quantized coefficients, quantization weights and step 
sizes, all of which are transmitted within the datastream. 
10 B.8. 3 Interfaces 

The iq lies between the inverse modeler and the inverse 
OCT in the datapath and is connected to a microprocessor. 
Datapath connections are via two-wire interfaces. Input 
data is 10 bits wide, output is 11 bits wide. 
15 B.8. 4 Mathematics of Inverse Quantization 
B.8. 4.1 H2 61 Equations 

For blocks coded in intra mode: 



C - Sfl. i * 0 
C- * tq_quant_scal«[2G i + sip* (Q,)] 
C. » C. -jffn^C.j C. = even 
C; » C. C: = odd 



0 < i < 64 



For all other coded blocks: 



C ; - cj-*tf«(c ( .) C m even 
c] * c] c] » odd 

C. » mi«(mar(C..-2048)J2047) 



0 S / < 64 



497 



B.8.4.2 JPEG Equations 



C. * W. + 1024 , * 0 

C. = ^f>(m^(C.-2048).2047) 
/ " ipegjablejndjreaion(c) 



B.8.4.3 MPEG Equations 

For blocks coded in intra mode: 



„ f 2iq_quant w sca{«w n.v 

C ; * Ct-sign^C;^ C- * even 
C. * C. c] = odd 

C = min(mdx(C r -204a)^047) 



0 < i < 64 

y = o. 2 



1024 is added in intra DC case to account for predictors in Huffman being reset to zero. 
For ail other coded blocks : 



- „ ( fO_quant_$ca!« W [ 2 Q ; ♦ si t * ( Q .) 1 > 
C f = ^ j 

C. » C ( . Cj) Cj * «ven 



C * C C. * odd 

C- = m/n<max(C;.-2048) - 2047) 

B.8.4.4 JPEG Variation Equations 



0 < i < 64 
/ « 1.3 



/2«uquant.scaie W .Q t \ 

C ; - /7*or{ ^ ^~'J + 1024 

f 2rq_quant_scaie W. Q. \ 
C ; « ftoor{ — J 0 < / < 64 

C- * m/n(/ntf-r(C r -2048)-2047) 
j » jpegjabte.rndirtction (c) 
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B.8.4.5 All other tokens 

All tokens except DATA Tokens must pass through the iq 
unquant ized 
Where : 



{-1 a < 0 
0 a = 0 
1 a>0 

b aSb 
o a Zb 

min(a t b) » { 

b a>b 

Fioor(a) returns an integer such that: 

(<3-1) < floor (a) Sa a>0 
a£ floor (a) < {a + 1} a $0 

Q- t are the quantized coefficients, 
C| are the reconstructed coefficients 
Wj j are the values in the quantisation table matrices 
i is the coefficient index along the zig-zag 
j is the quantisation table matrix number (0 « j <=3) 
B.fl.4,6 Multiple Standards combined 

It can be shown that ail the above standards and their variations (also control £ata which 
must be unchanged by the iq) can be mapped on to single equation: 

OUTPUT . (2INPUT + *) Uy) 
16 

With the additional post inverse quantisation functions of ; 
♦Add 1024 

•Convert from sign magnitude to 2's complement representation. 
•Round all even numbers to the nearest odd number towards zero. 
•Saturate result to +2047 or -2048. 

The variables K x and y for each variation of the standards and which functions they use :s 
shown in Table 8.8, 1. 
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B.8.4.C Multiple Standards combined 



Standard 


X 


y 


k 


Add - 


Round 


Sal 


Convert 


Weignt 


Scale 


1024 


Even 


Pest 




H261 


intra DC '8 


8 


0 


No j No | Yes 


Yes 


intra 


ts 


iq_qoant.scale 


1 


No | Yes 


Yes 


Yes | 


otner 


16 


iq_quant_scai« 


1 


No | Yes 


Yes 




JPSG 


DC 


W i 


8 


0 


Yes j No 


Yes 




otner 


W- 


8 


0 


No 


No 


Yes 


Yes 


MPEG 


»ntraDC 


8 


8 


oj Yes 


NO 


Yes 


Yes j 


intra 




iQ_quant_scaie 


0 


No 


NO 


Yes 


Yes j 


other 


w 1 


iq_quant_scale 


1 


No 


Yes 


Yes 


Yes 1 


XXX 


CC | Wj J iq_Quant .scale 


0 


Yes 


No Yes 


Yes 


otner 


w i 


iq_quant_scaie 


0 


NO 


No | Yes 


Yes 


OtMer Tokens 


1 


8 


0 


No 


NO 


NO 


No 



Table B.8.1 Control decoding 



B.8,5 Block Structure 

From B.8.4.6 and Table B.8.1, it can be seen that a 
5 single architecture can be used for a multi-standard 
inverse quantizer. Its arithmetic block diagram is shown 
in Fig. 133 "Arithmetic Block": 

Control for the arithmetic block can be functionally 
broken into two sections: 
10 r Decoding of tokens to load status registers or 

quantization tables. 

"* Decoding of the status registers into control 
signals . 

Tokens are decoded in iqca which controls the next cycle, 
15 i.e., iqeb's bank of registers. It also controls the access 
to the four quantization tables in igru. The arithmetic, 
that is, two multipliers and the post functions, are in 
iqarith. The complete block diagram for the iq is shown in 
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Figure 134. 

B.ft.C Block Implementation 
B • 8 . € . l Iqca 

In the invention, iqca is a state machine used to decode 
5 tokens into control signals for igraa and the register in 
iqcb. The state machine is better described as a state 
machine for each token since it is reset by each new token. 
For example: 

The code for the QUANT_SCALE (see B.8,7*4, "QUANT_SCALE ft ) 
10 and QUANTJTABLE (see B.8.7.6, "QUANTJTABLE") are as 
follows: 

if (tokeaheader " QUANT.SCALE) 

( 

sprintf (preport, *QUANT_SCALE* ) ; 
reg_addr » ADDR_IQ_QUANT_SCALE; 
motw » WRITE; 
enable ■ 1; 

} 

if £ tofeenheader «• QUANTJTABLE) / *QUANT_TA3L£ zcker. 
switch (substate) 

( 

case 0: /* quantisation table header •/ 
sprintf (preport, • QUANT jTA£I*E_%s_sO • , 

(headerextn ? Mfull)* : • (empty) *)) ; 
nextsubstate ■ 1; 

ir.sertnext ■ (headerextn ? 0 : 1) ; 
rey_addr - ADDR^IQ.COMFONEKT; 
HlOCW ■ WRITE; 
enable - 1; 
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break; 

case 1: /• quantisation table body V 
sprintf (preport, " QUANT jrABL£_%s_si • , * 
( header extn ? • (full) • : '(empty)-)); 
nextsubstace * 1; 

insertnext * (headerextn ? 0 : tqtm_addr_53 == 0)); 
reg.addr » USE.QTM; 

motw * {headerextn ? WRITE : READ) ; 
enable * 1; 
break; 
default: 

sprintf (preport, "ERROR in iq quantisation table tokendecode 
(substate %x) \n* , 
substate) ; 

break; 

) 

} 



Where a substate is a state within a token, QUANT__SCALE 
has, for example, only one substate. However, the 
QUANT_TABLE has two, one being the header, the second the 
token body. 

5 The state machine is implemented as a PLA. Unrecognized 

tokens cause no wordline to rise and the PLA to output 
default (harmless) controls. 

Additionally, iqca supplies addresses to igram from 
BodyWord counter and inserts words into the stream, for 
10 example in an unextended QUANT_TABLE (see B.8.7.4). This 
is achieved by stalling the input while maintaining the 
output valid. The words can be filled with the correct 
data in succeeding blocks (iqcb or iqarith) . 

iqca is a single cycle in the datapath controlled by two- 
15 wire interfaces* 
B.8.6.2 iqcb 

In the invention, iqcb holds the iq status registers. 
Under the control of iqca it loads or unloads these from/to 
the datapath. 

20 The status registers are decoded (see Table 8.8*1) into 

control wires for iqarith; to control the XY multiplier terms 
and the post quantization functions. 

The sign bit of the datapath is separated here and sent 
to the post quantization functions. Also, zero valued 

2 5 words on the datapath are detected here. The arithmetic is 
then ignored and zero muxed onto the datapath. This is the 
easiest way to comply with the "zero in; zero out" spec of 
the iq. 

The status registers are accessible from the 
30 microprocessor only when the register iq_access has been 
set to one and reads back one. In this situation, iqcb has 
halted the datapath, thus ensuring the registers have a 
stable value and no data is corrupted in the datapath. 

iqcb is a single cycle in the datapath controlled by two 
35 wire interfaces. 
B . 8 . 6 • 3 iqram 
. iqram must hold up to four quantization table matrices 
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(QTM) , each 64*8 bits. It is, therefore, a 256*8 bits six 

transistor RAM f capable of one read or one write per cycle. 

The RAM is enclosed by two-wire interface logic receiving 

its control and write data from iqc*. It reads out data to 
5 iqarith. Similarly, igra* occupies the same cycle in the 

datapath as iqcb. 

The RAM may be read and written from the microprocessor 

when iq_access reads back one. The RAM is placed behind a 

keyhole register, iq_qtm_keyhole and addressed by 
10 iq_qtm_keyhole_addr . Accessing iq_qtm_keyhole will cause 

the address to which it points, held in iq_qtm_keyhole_addr 

to be incremented. Likewise, iq_qtm_ keyhole_addr can be 

written to directly. 

B.8.6.4 iqarith 
15 Note, iqarith is three functions pipelined and split over 

three cycles. The functions are discussed below (see 

Figure 133) . 

B.8.6.4. 1 XY multiplier 

This is a 5(X) by 8(Y) bit carry save unsigned multiplier 
2 0 feeding on to the datapath multiplier. The multiplier and 
multiplicand are selected with control wires from iqcb. The 
multiplication is in the first cycle, the resolving adder 
in the second. 

At the input to the multiplier, data from iqrara can be 

2 5 muxed onto the datapath to read a QUANT_TABLE out onto the 

datapath. 

B.8.6.4.2 (XY) * datapath multiplier 

This 13 (XY) by 12 (datapath) bit carry save unsigned 
multiplier is split over the three cycles of the block. 

3 0 Three partial products in the first cycle, seven in the 

second and the remaining two in the third. 

Since all output from the multiplier is less than 2 047 
(non_coef f icient) or saturated to +2047/-2048, the top 
twelve bits don't ever need to be resolved. Accordingly, 
3 5 the resolving adder is just two bits wide. On the 
remainder of the high order bits, a zero detect suffices as 
a saturate signal. 
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B.8.6.4.3 Post quantization functions 

The post quantization functions' are 
Add 1024 

•Convert from sign magnitude to 2's complement 
5 representation, 

• Round all even numbers to the nearest odd number 
towards zero. 

•Saturate result to +2047 or -2048. 

•Set output to zero (see B.8.6.2) 
10 The first three functions are implemented on a 12 bit 

adder (pipelined over the second and third cycles) . From 
this, it can be seen what each function requires and these 
are then combined onto the single adder. 



function 


if dataoatn > 0 


if dataoain > 0 ; 


Ccnvea to 2 s ccmtj»emeru 


notning 


mven aod or-e 


flcur«3 at! ev«n num&ers 


suotract one 


aad on« | 



function 


- if darapatn > 0 


if dacaca:n > 0 t 


Add 1024 


add 1024 


add 1C24 j 



Table B.8.2 Post quantization adder functions 

15 As will be appreciated by one of ordinary skill in the 

art, care should be taken when reprogramming these 
functions as they are very interdependent when combined. 

The saturate values, zero and zero+1024 are muxed onto 
the datapath at the end of the third cycle. 
2 0 B.8.7 Inverse Quantizer Tokens 

The following notes define the behavior of the Inverse 
Quantizer for each Token tp which it responds. In all 
cases, the Tokens are also transported to the output of the 



Inverse Quantizer. In most cases, the Token is unmodified 
by the Inverse Quantizer with the exceptions as noted 
below. All unrecognized Tokens are passed unmodified to 
the output of the Inverse Quantizer. 
5 B • 8 • 7 • 1 SEQUENCE_START 

This Token causes the registers iq_prediction 
mode(l:0] and iq_mpeg_indirection [ 1 : 0 ] to be reset to zero. 
B . 8 • 7 . 2 CODING_STANDARD 

This Token causes iq_standard [ 1 : 0] to be loaded with the 
10 appropriate value based upon the current standard (MPEG, 
JPEG or H.261) being decoded. 
B . 8 . 7 . 3 PREDICTION_MODE 

This Token loads iq-predict ion_mode [ 1 : 0 ] . Although the 
PREDICT I ON_MODE Token carries more than two bits, the 
15 Inverse Quantizer only needs access to the two lowest order 
bits. These determine whether or not the block is intra 
coded . 

B . 8 . 7 . 4 QUANT_SCALE 

This Token loads iq_quant_scale [ 4 : 0 ] . 
20 B.8.7.5 DATA 

In the present invention, this Token carries the actual 
quantized coefficients. The head of the token contains two 
bits identifying the color component and these are loaded 
into iq_component [ 1: 0] . The next sixty four Token words 
25 " contain the quantized coefficients. These are modified as 
a result of the inverse quantization process and are 
replaced by the reconstructed coefficients. 

If exactly sixty four extension words are not present in 
the Token, the behavior of the Inverse Quantizer is 
30 undefined. 

The DATA Token at the input of the Inverse Quantizer 
carries quantized coefficients. These are represented in 
eleven bits in a sign-magnitude format (ten bits plus a 
sign bit) . The value "minus zero" should not be used but 
3 5 is correctly interpreted as zero. 

The DATA Token at the output of the Inverse Quantizer 
carries reconstructed coefficients. These are represented 



in twelve bits in a twos complement format (eleven bits 
plus a sign bit) . The DATA Token at the output will have 
the same number of Token Extension words as it had at the 
input of the Inverse Quantizer. 

5 B.8.7.6 QUAMTJTABLE 

This Token may be used to load a new quantization table 
or to read- out an existing table. Typically, in the 
Inverse Quantizer, the Token will be used to load a new 
table which has been decoded from the bit stream. The 

10 action of reading out an existing table is useful in the 
forward quantizer of an encoder if that table is to be 
encoded into the bit stream. 

The Token Head contains two bits identifying the table 
number that is to be used. These are placed in 

15 iq_component [ 1 : 0] . Note that this register now contains a 
"table number' 1 not a color component. 

If the extension bit of the Token Head is one, the 
Inverse Quantizer expects there to be exactly sixty four 
extension Token Words. Each one is interpreted as a 

20 quantization table value and placed in a successive 
location of the appropriate table, starting at location 
zero. The ninth bit of each extension Token word is 
ignored. The Token is also passed to the output of the 
Inverse Quantizer, unmodified, in the normal way, 

2 5 If the extension bit of the Token Head is zero, then the 

Inverse Quantizer will read out successive locations of the 
appropriate table starting at location zero. Each location 
becomes an extension Token word (the ninth bit will be 
zero) . At the end of this operation, the Token will 

30 contain exactly sixty f.our extension Token words. 

The operation of the Inverse Quantizer in response to 
this token is undefined for all numbers of extension words 
except 2ero and sixty four. 
B . 8 • 7 , 7 JPEG JTABLE_S ELECT 

35 This token is used to load or unload translations of 

color components to table numbers to/from 
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iq_ipeg_indirection. These translations are used in JPEG 
and other standards. 

The Token Head contains two bits identifying the color 
component that is currently of interest. These are placed 
5 in iq_component ( 1 : o ] . 

If the extension bit of the Token Head is one, the Token 
should contain one extension word, the lowest two bits of 
which "are written into the 
iq_ipeg_indirect ion [ 2 * iq_component ( 1 : 0 ] +1 ; 2 * iq_component 
10 [1:0]] location. The value just read becomes a Token 
extension word (the upper seven bits will be zero) . At the 
end of this operation, the Token will contain exactly one 
Token extension word . 



j Colour component m reader 
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Tatole B.8,3 JPEGJTABLE_S ELECT action 
15 B.8.7.8 MFEG_TABLE_SELECT 

This Token is used to define whether to use the default 
or user defined quantization tables while processing via 
the MPEG standard. The Token Head contains two bits. Bit 
zero of the header determines which bit if 

2 0 iq_mpeg_indirection is written into. Bit one is written 
into that location. 

since the iq_mpeg_indirection[ l : 0 ] register is cleared by 
the SEQU£NCE_START Token, it will only be necessary to use 
this Token if a user defined quantization table has been 

25 transmitted in the bit stream. 



508 

B.8.8 Microprocessor Registers 
B. 8.8*1 iq^access 

To gain microprocessor access to any of the iq registers, 
iq_access must be set to one and polled until it reads back 
5 one (see B.8.6.2). Failure to do this will result in the 
registers being read still being controlled by the datapath 
and, therefore, not being stable. In the case of the igram, 
the accesses are locked out, reading back zeros. 

Writing zero to iq_access relinquishes control back to 
10 the datapath. 

B . 8 . 8 , 2 Iq_coding_standard [1:0] 

This register holds the coding standard that is being 
implemented by the Inverse Quantizer. 



iq_coding_standard 


Coding Standard j 


0 


K261 j 


1 


JPEG 


2 


MPEG | 


3 


| XXX | 



Table B.8.4 Coding standard values 

15 This register is loaded by the COD I NG_STAN D ARD Token. 

Although this is a two bit register, at present eight 
bits are allocated in the memory map and future 
implementations can deal with more than the above 
standards. 



B • 8 . 8 • 3 Iq_mpeg_indirection[ 1: 0 J 

This two bit register is used during MPEG decoding 
operations to maintain a record of which quantization 
tables are to be used. 
5 Iq_mpeg_indirection[ 0 ] controls the table that is used 

for intra coded blocks. If it is zero then quantization 
table 0 is used and is expected to contain the default 
quantization table. If it is one, then quantization table 
2 is used and is expected to contain the user defined 
10 quantization table for intra coded blocks. 

This register is loaded by the MPEG_TABLE_SELECT Token 
and is reset to zero by the SEQUENCE_START Token. 
B. 8 • 8 . 4 lq_ipeg_indirection[7 : 0] 

This eight bit register determines which of the four 
15 quantization tables will be used for each of the four 
possible color components that occur in a JPEG scan. 

•Bits [1 -0] hold the table number that will be used for component zero. 
*5i:s (3:21 hold the table number that will be used for component one. 
*5its [5.4] hold the table number that will be used for component two. 
•Bits [7.6] hold the tabie number that will be used for component three. 

This register is affected by the JPEG JTABLE_S ELECT Token. 
B . 8 . 8 . 5 iq_q-uant_s cale [ 4 . 0 ] 

This register holds the current value of the quantization 
2 0 scale factor. This register is loaded by the QUANT_SCALE 
Token . 

B . 8 • 8 . 6 iq_component [1:0] 

This register usually holds a value which is translated 
into the Quantization Table Matrix (QTM) number* It is 
2 5 loaded by a number of Tokens. 

The DATA Token header causes this register be loaded with 
the color component of the block which is about to be 
processed. This information is only used in JPEG and JPEG 
variations to determine the QTM number, which it does with 
30 reference to iq_ipeg_indirection [ 7 : 0] . In other standards, 
iq^component ( 1 : 0 ] is ignored. 



The JPEG_TABLE_SELECT Token causes this register be 
loaded with a color component. It is then used as an index 
into iq_ipeg_indirection[7:0] which is accessed by the 
tokens body. 

The QUANT_SCALE Token causes this register to be loaded 
with the QTM number. This table is then either loaded from 
the Token (if the extended form of the Token is used) or 
read out from the table to form a properly extended Token. 
B ♦ 8 • 8 . 7 iq_prediction_mode [1:0] 

This two bit register holds the prediction mode that will 
be used for subsequent blocks. The only use that the 
Inverse Quantizer makes of this information is to decide 
whether or not intra coding is being used. If both bits of 
the register are zero, then subsequent blocks are intra 
coded . 

This register is loaded by the PREDICTION_MODE Token. 
This register is reset to zero by the SEQUENCE_START Token. 

Iq_prediction_mode[l:0] has no effect on the operation in 
JPEG and JPEG variation modes. 
B . 8 . 8 . 8 Iq_ipeg_indirection[7 : 0] 

Iq_ipeg_indirection is used as a lookup table to 
translate color components into the QTM number. 
Accordingly, iq_component is used as an index to 
iq_ipeg_indirection as shown in Table B.8.3, 

This register location is written to directly by the 
JPEG_TABLE_SELECT Token if the extended form of the Token 
is used. 

This register location is read directly by the 
JPEG_TABLE_S ELECT Token if the non-extended form of the 
Token is used . 

B . 8 . 8 . 9 Iq_quant_table[-3 : 0 ] [ 63 : 0 ] [ 7 : 0 ] 

There are four quantization tables, each with 64 
locations. Each location is an eight bit value. The value 
zero should not be used in any location. 

These registers are implemented as a RAM described in 

B.8.6.3, "Igram" . 

These tables may be loaded using the QUANT_TABLE 
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Token . 

Mote that data in these tables are stored in zig-zag scan 
order . Many documents represent quantization table values 
as a square eight by eight array of numbers. Usually, the 
5 DC term is at the top left with increasing horizontal 
frequency running left to right and increasing vertical 
frequency running top to bottom. Such tables must be read 
along the zig-zag scan path as the numbers are placed into 
the quantization table with consecutive ,f i". 
10 B.8.9 Microprocessor Register Map 
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Table B,8.5 Memory Map 
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B.8.10 Test 

Test coverage to the Inverse Quantizer at the input is 
through the Inverse Modeler's output snooper, and at the 
output through the Inverse Quantizer's own snooper. Logic 
is covered by the Inverse Quantizer's own scan chain. 

Access can be gained to igraa without reference to 
iq_access if the ramtest signal is asserted. 
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SECTION B.9 IDCT 

B - 9 • 1 Introduction 

The purpose of this description of the Inverse Discrete 
Cosine Transform (IDCT) block is to provide a source of 
5 engineering information for the IDCT. It includes 

information on the following. 

• purpose and main features of the IDCT 

* how it was designed and verified 

* structure 

10 It is intended that the description should provide one of 

ordinary skill in the art sufficient information to 
facilitate or aid the following tasks* 

•appreciation of the IDCT as a "sillicon macro 

function" 

15 • integration the IDCT onto another device 

•development of test programs for the IDCT silicon 
•modification, re-design or maintenance of the IDCT 

• development of a forward DCT block 

Overview 

20 A Discrete Cosine Transf orm/Zig-Zag (DCT/ZZ) performs a 

transformation on blocks of pixels wherein each block 
represents an area of the screen 8 pixels high by 8 pixels 
wide. The purpose of the transform is to represent the 
pixel block in a frequence domain, sorted according to 

2 5 frequency. Since the eye is sensitive to DC components in 
a picture, but much less sensitive to high frequency 
components, the frequency data allows each component to be 
reduced in magnitude separately, according to the eye's 
sensitivity. The process of magnitude reduction is known 

30 as quantization. The quantization process reduces the 
information contained "in the picture, that is, the 
quantization process is lossy. Lossy processes give 
overall data compression by eliminating some information. 
The frequency data is sorted so that high frequencies, most 

35 likely to be quantized to zero, all appear consecutively. 
The consecutive zeros means that coding the quantized data 
by using run-length coding schemes yields further data 
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compression, although run-length coding is generally not a 
lossy process. 

The IDCT block (which actually includes an Inverse Zig- 
zag RAM, or IZZ, and an IDCT) takes frequency data, which 
5 is sorted, and transforms it into spatial data. This 
inverse sorting process is the function of IZZ, 

The picture decompression system, of which the IDCT block 
forms a part, specifies the pixels as integers. This means 
that the IDCT block must take, and yield, integer values. 

10 However, since the IDCT function is not integer based, the 
internal number representation uses fractional parts to 
maintain internal accuracy. Full floating-point arithmetic 
is preferable, but the implementation described herein uses 
fixed-point arithmetic. There is some loss of accuracy 

15 using fixed-point arithmetic, but the accuracy of this 
implementation exceeds the accuracy specified by H.261 and 
the IEEE. 

B.9.3 Design Objectives 

The main design objective, in accordance with the present 
20 invention, was to design a functionally correct IDCT block 
which uses a minimum silicon area. The design was also 
required to run with a clock speed of 3 0MHz under the 
specified operating conditions, but it was considered that 
the design should also be adaptable for the future. Higher 
2 5 clock rates will be needed in the future, and the 
architecture of the design allows for this wherever 
possible . 

B.9.4 IDCT Interfaces Description 

The IDCT block has the following interfaces. 
30 -a 12-bit wide Token data input port 

- a 9-bit wide Token data output port 

- a microprocessor interface port 

• a system services input port 

* a test interface 

35 • resynchronizing signals 

Both the Token data ports are the standard Two-Wire 
Interface type previously described. The widths 



illustrated, refer to the number of bits in the data 
representation , not the total number of wires in a port . 
In addition, associated with the input Token data port are 
the clock and reset signals used for resynchronization to 
5 the output of the previous block. There are also two 
resynchronizing clocks associated with the output Token 
data port and used by the subsequent block. 

The microprocessor interface is standard and uses four 
bits of address. There are also three externally decoded 
10 select inputs which are used to select the address spaces 
for events , internal registers and test registers . This 
mechanism provides the flexibility to map the IDCT address 
space into different positions in different chips. There 
is also a single event output, idctevent, and two i/o 
15 signals, n_derrd and n_serrd, which are the event tristate 
data wires to be connected externally to the IDCT and to 
the appropriate bits of the microprocessor notdata bus. 

The system services port consists of the standard clock 
and reset input signals, as well as, the 2-phase override 
20 clocks and associated clock override mode select input. 

The test interface consists of the JTAG clock and reset 
signals, the scan-path data and control signals and the 
ramtest and chiptest inputs. 

In normal operation, the microprocessor port is inactive 

2 5 since the IDCT does not require any microprocessor access 

to achieve its specified function. Similarly, the test 
interface is only active when testing or verification is 
required. 

B.9*5 The Mathematical Basis for the Discrete Cosine 

3 0 Transformation 

• In video bandwidth compression, the input data represents 
a square area of the picture. The transform applied must, 
therefore, be two-dimensional. Two-dimensional transforms 
are difficult to compute efficiently,, but the two- 
35 dimensional DCT has the property of being separable. 
Separable transforms can be computed along each dimension 
independent of the other dimensions. This implementation 



516 



uses a one-dimensional IDCT algorithm designed specifically 
for mapping onto hardware; the algorithm is not appropriate 
for software models. The one-dimensional algorithm is 
applied successively to obtain a two-dimensional result. 

The mathematical definition of the two-dimensional DCT 
for an N by N block of pixels is as follows: 



EQ 10. forward DCT 
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The above definition is mathematically equivalent to 
multiplying two N by N matrices, twice in succession, with 
a matrix transposition between the multiplications- A one- 
dimensional DCT is mathematically equivalent to multiplying 
two N by N matrices- Mathematically the two-dimensional 
case is: 



Where C is the matrix of cosine terms. 

Thus the DCT is sometimes described in terms of matrix 
manipulation. Matrix descriptions can be convenient for 
mathematical reductions of the transform, but it must be 
stressed that this only makes notation easier. Note that 
the 2/N term governs the DC level- The constants c(j) and 
c(k) are known as the normalization factors . 
B.9.6 The IDCT Transform Algorithm 

As subsequently explained in further detail, the 
algorithm used to compute the actual IDCT transform should 
be a "fast" algorithm. The algorithm used is optimized for 
an efficient hardware architecture and implementation. The 
main features of the algorithm are the use of V2 scaling in 
order to remove one multiplication, and a transformation of 
the algorithm designed to yield a greater symmetry between 
the upper and lower sections. This symmetry results in an 
efficient re-use of many of the most costly arithmetic 
elements. 

In the diagram illustrating the algorithm (Figure 13 6) , 
the symmetry between the upper and lower halves is evident 
in the middle section. The final column of adders and 
subtracters also has a symmetry, the adders and subtractors 
can be combined with relatively little cost (4 
adder /subtractors being significantly smaller than 4 adders 
+ 4 subtractors as illustrated) ♦ 

Note that all the # outputs of a single dimensional 
transform are scaled by V2. This means that the final 2- 
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dimensional answer will be scaled by 2. This can then be 
easily corrected in the final saturation and rounding stage 
by shifting. 

The algorithm shown was coded in double precision 
floating-point C and the results of this compared with a 
reference IDCT (using straightforward matrix 
multiplication) . A further stage was then used to code a 
bit-accurate integer version of the algorithm in C (no 
timing information was included) which could be used to 
verify the performance and accuracy of the algorithm as it 
would be implemented on silicon. The allowable 

inaccuracies of the transform are specified in the H.261 
standard and this method was used to exercise the bit- 
accurate model and measure the delivered accuracy. 

Figure 137 shows the overall IDCT Architecture in a way 
that illustrates the commonality between the upper and 
lower sections and which also shows the points at which 
intermediate results need to be stored « The circuit is 
time multiplexed to allow the upper and lower sections to 
be calculated separately. 
B.9.7 The IDCT Transform Architecture 

As described previously, the IDCT algorithm is optimized 
for an efficient architecture. The key features of the 
resulting architecture are as follows: 

• significant re-use of the costly arithmetic 
operations 

•small number of multipliers, all being constant 
coefficient rather than general purpose (reduces 
multiplier size and removes need for separate 
coefficient store) 

•small number of latches, no more than required for 
pipelining the architecture 

• operations are arranged so that only a single 
resolving operation is required per pipeline stage 

• can arrange to generate results in natural order 
•no complex crossbar switching or significant 
multiplexing (both costly in a final implementation) 
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* advantage is taken of resolved results in order to 
remove two carry-save operations (one addition, one 
subtraction) 

• architecture allows each stage to take 4 clock 
cycles, i.e., removes the requirement for very fast 
(large) arithmetic operations 

• architecture will support much faster operation than 
current 30MHz pixel-clock operation by simply 
changing resolving operations from small/slow ripple 
carry to larger/faster carry- lookahead versions. The 
resolving operations require the largest proportion 
of the time required in each stage so speeding up 
only these operations has a significant effect on the 
overall operations speed, whilst having only a 
relatively small increase on the overall size of the 
transform. Further increases in speed can also be 
achieved by increasing the depth of pipelining. 

* control of the transform data-flow is very 
straightforward and efficient 

The diagram of the ID Transform Micro-Architecture 
(Figure 141) illustrates how the algorithm is mapped onto 
a small set of hardware resources and then pipelined to 
allow the necessary performance constraints to be met* The 
control of this architecture is achieved by matching a 
"control shift-register" to the data-flow pipeline. This 
control is straightforward to design and is efficient in 
silicon layout. 

The named control signals on Figure 141 (latch, sel_byp 
etc) are the various enable signals used to control the 
latches and, thus, the signal flow. The clock signals to 
the "latches are not shown. 

Several implementation details are significant in terms 
of allowing the transform architecture to meet the required 
accuracy standards whilst minimizing the transform size. 
The techniques used generally fall into two major classes. 

■Retention of maximum dynamic range, with a fixed 

word width, at each intermediate state by individual 
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control of the fixed-point position. 

•Making use of statistical definition of the accuracy 
requirement in order to achieve accuracy by selective 
manipulation of arithmetic operations (rather than 
increasing accuracy by simply increasing the word 
width of the entire transform) 

The straightforward way to design a transform would 
involve a simple fixed-point implementation with a fixed 
word-width made large enough to achieve accuracy. 
Unfortunately, this approach results in much larger word 
widths and, therefore, a larger transform. The approach 
used in the present invention allows the fixed point 
position to vary throughout the transform in a manner that 
makes the maximum use of the available dynamic range for 
any particular intermediate value, achieving the maximum 
possible accuracy. 

Because the allowable results are specified 
statistically, selective adjustments can be made to any 
intermediate value truncation operation in order to improve 
overall accuracy. The adjustments chosen are simple 
manipulations of LSB calculations, which have little or no 
cost. The alternative to this technique is to increase the 
word width, involving significant cost. The adjustments 
effectively "weight" final results in a given direction, if 
it is found that previously, these results tend in the 
opposite direction. By adjusting the fractional parts of 
results, we are effectively shifting the overall average of 
these results. 

B.9.8 IDCT Block Diagram Description 

The block diagram of the IDCT shows all the blocks that 
are relevant to the processing of the Token Stream. This 
diagram, Figure 138, does not show details of clocking, 
test and microprocessor access and the event mechanism. 
Snooper blocks, used to provide test access, are not shown 
in the diagram. 
B.9.8.1 DATA Error Checker 

The first block is the DATA error checker and corrector, 



called "decheck" which takes and produces a 12 -bit wide 
Token Stream, parses this stream and checks the DATA 
Tokens. All other Tokens are ignored and are passed 
straight through. The checks that are performed are for 
DATA Tokens with a number of extensions not equal to 64 . 
The possible errors are termed "deficient" (<64 extensions) 
an idct_too_ f ew_event , and H supernumerary * (>64 
extensions) , an idct_too_many_event . Such errors are 
signalled with the standard event mechanism, but the block 
also attempts simple error recovery by manipulation of the 
Token Stream. In the case of deficient errors, the DATA 
Token is packed with "0 M value extensions (stops accepting 
input and performs insert) to make up the correct 64 
extensions. In the case of a supernumerary error, the 
extension bit is forced to "0" for the 64th extension and 
all extra extensions are removed from the Token Stream. 
B.9.8.2 Inverse Zig-Zag 

The next block on the Spatial Decoder in Fig. 13 8 is the 
inverse zig-zag RAM 441, n izz" , and again it takes and 
produces a 12-bit wide Token Stream. As with all other 
blocks, the stream is parsed, but only DATA Tokens are 
recognized. All other Tokens are passed through unchanged. 
DATA Tokens are also passed through, but the order of the 
extensions is changed. This block relies on correct DATA 
Tokens (i.e., 64 extensions only). If this is not true, 
then operation is unspecified. The reordering is done 
according to the standard inverse Zig-Zag pattern and, by 
default, is done so as to provide horizontally scanned data 
at the IDCT output. It is also possible to change the 
ordering to provide vertically scanned output. In addition 
to the standard IZ2 ordering, this block performs an extra 
re-ordering of each 8-word row. This is done because of 
the specific requirements of the IDCT one-dimensional 
transform block and results in rows being output in the 
order (1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7). 
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B.9.8.3 Input Formatter 

The next block in Figure 138 is the input formatter 442 , 
w ip_fmt", which formats DATA input for the first dimension 
of the IDCT transform. This block has a 12-bit wide Token 
Stream input and 2 2 -bit wide token Stream output « DATA 
Tokens are shifted left so as to move the integer part to 
the correct significance in the IDCT transform standard 22- 
bit wide word, the fractional part being set to 0. This 
means that there are 10 bits of fraction at this point. All 
other Tokens are unshifted and the extra unused bits are 
simply set to 0. 

B.9.8.4 1-Dimanaional Transform - 1st Dimension 

The next block shown in Figure 13 8 is the first single 
dimension IDCT transform block 443 , "oned" . This inputs and 
outputs 22-bit wide token Streams and, as usual, the stream 
is parsed and DATA Tokens are recognized. All other tokens 
are passed through unaltered. The DATA Tokens pass through 
a pipelined datapath that performs an implementation of a 
single dimension of an 8-by-8 Inverse Discrete Cosine 
Transform. At the output of the first dimension, there are 
7 bits of fraction in the data word. All other Tokens run 
through a merely shift register datapath that simply 
matches the DATA transform latency and are recombined into 
the Token Stream before output. 
B.9.8,5 Transpose RAM 

The transpose RAM 444 "tram", is similar in many ways to 
the inverse zig-zag RAM 441in the way it handles a Token 
Stream. The width of Tokens handled (22 bits) and the re- 
ordering performed are different, but otherwise they work 
in the same way and actually share much of their control 
logic. Again, rows are additionally re-ordered for the 
requirements of the following IDCT dimension as well as the 
fundamental swapping of columns into rows. 
B.9.8.6 1-Dimensional Transform - 2nd Dimension 

The next block shown is another instance of a single 
dimension IDCT transform and is identical in every way to 
the first dimension. At the output of this dimension there 



523 

are 4 bits of fraction. 
B.t.t.7 Round and Saturate 

The round-and-saturate block 446 in Figure 138, "ras", 
takes a 22-bit wide Token Stream containing DATA extensions 
5 in 22-bit fixed point format and outputs a 9-bit wide Token 
Stream where DATA extensions have been rounded (towards +ve 
infinity) into integers and saturated into 9-bit two's 
complement representation and all other Tokens have been 
passed straight through. 

10 B.9.9 Hardware Descriptions of Blocks 
B . 9 • 9 . l Standard Block Structure 

For all the blocks that handle a Token Stream there is a 
standard notional structure as shown in Figure 139. This 
separates the two-wire interface latches from the section 

15 that performs manipulation of the Token Stream. Variations 
on this structure can include extra internal blocks (such 
as a RAM core) . In some blocks shown, the structure is 
made less obvious in the schematic (although it does 
actually still exist) because of the requirement of 

2 0 grouping together all the "datapath" logic and separate 
this from all the standard cell logic. In the case of a 
very simple block, such as "ras", it is possible to take 
the latched out_accept straight into the input two-wire 
latch without logical manipulation. 

2 5 B.9.9 .2 "Decheck" - DATA Error Checking/Recovery 

The first block 44 0 in the Token Stream performs DATA 
checking and correcting as specified in the Block Diagram 
Overview section. The detected errors are handled with the 
standard event mechanism which means that events can be 

3 0 masked and the block can either continue with the recovery 

procedure when an error is detected or be stopped depending 
on event mask status. The IDCT should never see incorrect 
DATA Tokens and, therefore, the recovery that it attempted 
is only a fairly simple attempt to contain what may be a 
35 serious problem. 

This block has a pipeline depth of two stages and is 
implemented entirely in zcells. The input two-wire 
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interface latch is of the " front" type, meaning that all 
inputs arrive onto transistor gates to allow safe operation 
when this block (at the front of the IDCT) is on a separate 
power supply regime from the one preceding it. This block 
5 works by parsing a Token Stream and passing non-DATA Tokens 
straight through. When a DATA Token is found, a count is 
started of the number of extensions found after the header. 
If the extension bit is found to be "0" when the count does 
not equal 63, an error signal is generated (which goes to 

10 the event logic) and depending on the" state of the mask bit 
for that event, "decheck" will either be stopped (i.e., no 
longer accept input or generate output) or will begin error 
recovery. The recovery mechanism for "deficient" errors 
uses the counter to control the insertion of the correct 

15 number of extensions into the Token Stream (the value 
inserted is always "0"). Obviously, input is not accepted 
whilst this insertion proceeds. When it is found that the 
extension bit is not "0" on the 64th extension, a 
"supernumerary" error is generated, the DATA Token is 

20 completed by forcing the extension bit to "0", and all 
succeeding words with the extension bit set to "1" are 
deleted from the Token Stream by continuing to accept data 
but invalidating the output. 

Note that the two error signals are not persistent 

25 (unless the block is stopped) i.e., the error signal only 
remains active from the point when an error is detected 
until recovery is complete. This is a minimum of one 
complete cycle and can persist forever in the case of a 
infinitely supernumerary DATA Token. 

30 B. 9.9.3 "in" and "tram" - Reordering RAMs 

The "izz" 441 (inverse zig-zag RAM) and the "tram" 444 
(transpose RAM) are considered here together since they 
both perform a variation on the same function and they have 
more similarities than differences. Both these blocks take 

3 5 a Token Stream and re-order the extensions of a DATA Token 
whilst passing through all other Tokens unchanged. The 
widths of the extensions handled and the sequences of the 



re-ordering are different, but a large section of the 
control logic for each RAM is identical and is actually 
organized into a "common control" block which is instanced 
in the schematic for each RAM . The difference in width has 
no effect upon this control section so it is only necessary 
to use a different "sequence address generator" for each 
RAM together with RAM cores and two-wire interface blocks 
of the appropriate width* 

The overall behavior of each RAM is essentially that of 
a FIFO. This is strictly true at the Token level and a 
particular modification to the output order is made for the 
extension words of a DATA Token. The depth of the FIFO is 
128 stages. This is necessary to fulfill the requirement 
for a sustainable 30 MHz throughout the system since output 
of the FIFO is held up after the start of the output of a 
DATA Token is detected. This is because the features of 
the reordering sequences used require that a complete block 
of 64 extensions be gathered in the FIFO before re-ordered 
output can begin. More precisely, the minimum number 
required is different for inverse zig-zag and transpose 
sequences and is somewhat less than 64 in both cases. 
However, the complications of controlling a FIFO which has 
a length which is not a power of two, means that the small 
saving in RAM core would be outweighed by the additional 
complexity of control logic required. 

The RAM core is implemented with a design which allows a 
read and a write (to the same or separate addresses) in a 
single 30 MHz cycle. This means that the RAM is 
effectively operating with an internal 60 MHz cycle time. 

The re-ordering operation is performed by generating a 
particular sequence of . read addresses ("sequence address 
generation") in the range 0-> 63, but not in natural order. 
The sequences required are specified by the standard zig- 
zag sequence (for eight horizontal or vertical scanning) or 
by the sequence needed for normal matrix transposition. 
These standard sequences are then further reordered by the 
requirement to output each row in Odd/Even format (i.e., 
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1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7)) because of 
the requirements of the IDCT transform 1-dimensional 
blocks . 



sequence generation simply requires the generation of row 
and column addresses separately, both implemented with 



that row addresses are generated with a simple specific 
10 state machine rather than a natural counter. 

Inverse zig-zag sequences are rather less straightforward 
to generate algorithmically . Because of this fact, a small 
ROM is used to hold the entire 64 6 bit values of address, 
this being addressed with row and column counters which can 
15 be swapped in order to change between horizontal and 
vertical scan modes. A ROM based generator is very quick 
to design and it further has the advantage that it is 
trivial to implement a forward zig-zag (ROM re-program) or 
to add other alternative sequences in the future. 

2 0 B.9.9.4 "oned" - Single Dimension IDCT Transform 

This block has a pipeline depth of 20 stages and the 
pipeline is rigid when stalled. This rigidity greatly 
simplifies the design and should not unduly affect overall 
dynamics since the pipeline depth is not that great and 
25 both dimensions come after a RAM which provides a certain 
amount of buffering. 

The block follows the standard structure, but has 
separate paths internally for DATA Token extensions (which 
are to be processed) and all other items which should be 

3 0 passed through unchanged. Note that the schematic is drawn 

in a particular way. First, because of the requirements to 
group together all the datapath logic and second, to allow 
automatic compiled code generation (this explains the 
control logic at the top level) . 
3 5 Tokens are parsed as normal and then DATA extensions, and 

other values, are routed respectively through two different 
parallel paths before being re-combined with a multiplexer 



Transpose address sequence 
5 straightforward algorithmically. 



generation is quite 
Straight transpose 



counters . 



The row re-ordering requirement simply means 
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before the output two-wire interface latch block. The 
parallel paths are required because it is not possible to 
pass values unchanged through the transform datapath. The 
latency of the transform datapath is matched with a simple 
shift register to handle the remainder of the Token Stream, 
The control section of "oned" needs to parse the Token 
Stream and control the splitting and re-combination of the 
Tokens. The other major section controls the transform 
datapath. The main mechanism for the control of this 
datapath is a control shift-register which matches the 
datapath pipeline and is tapped-off to provide the 
necessary control signals for each stage of the datapath 
pipeline. 

The "oned" block has the requirement that it can only 
start operation on complete rows of DATA extensions, i.e., 
groups of 8. It is not able to handle invalid data 
("Gaps") in the middle of rows, although, in fact, the 
operation of "izz" and the "tram" ensure that complete DATA 
blocks are output as an uninterrupted sequence of 64 valid 
extension values. 
B. 9 . 9 . 4 . l Transform Datapath 

The micro-architecture of the transform datapath, "t_dp" 
was previously shown in Figure 141. Note that some detail 
(e.g., clocking, shifts, etc.) is not shown. This diagram 
does illustrate, however, how the datapath operates on four 
values simultaneously at any stage in the pipeline . The 
basic sub-Structure of the datapath, i.e., the three main 
sections can also be seen (e.g. , pre-common, common and 
post-common) as can the arithmetic and latch resources 
required. The named control signals are the enables for 
the pipeline latches (and the add/sub selector) which are 
sequenced with decodes of the control shift-register state. 
Note that each pipeline stage is actually four clock cycles 
in length. 

Within the transform datapath there are a number of latch 
stages which are required to gather input, store 
intermediate results in the pipeline, and serialize the 



528 

output. Some of latches are of the muxing type, i.e., they 
can be conditionally loaded from more than one source. All 
the latches are of the enabled type, i.e., there are 
separate clock and enable inputs. This means that it is 
5 easy to generate enable signals with the correct timing, 
rather than having to consider issues of skew that would 
arise if a generated clock scheme was adopted. 

The main arithmetic elements required are as follows, 
-a number of fixed coefficient multipliers 
10 (carry-save output) 

• carry-save adders 

- carry-save subtractors 

• resolving adders 

• resolving adder/subtractors 

15 AH arithmetic is performed in two's complement 

representation. This can either be in normal (resolved) 
form or in carry-save form (i.e., two numbers whose sum 
represents the actual value) . All numbers are resolved 
before storage and only one resolving operation is 

20 performed per pipeline stage since this is the most 
expensive operation in terms of time. The resolving 
operations performed here ail use simple ripple-carry. 
This means that the resolvers are quite small, but 
relatively slow. Since the resolutions dominate the total 

2 5 time in each stage, there is obviously an opportunity to 
speed up the entire transform by employing fast resolving 
arithmetic units. 

B.9.9.5 "Ras" - Rounding and Saturation 

In the present invention, the "ras" block has the task of 
30 taking 22-bit fixed point numbers from the output of the 
second dimension "oned". and turning these into the 
correctly rounded and saturated 9-bit signed integer 
results required. This block also performs the necessary 
divide-by-4 inherent in the scheme (the 2/N term) and to 
35 further divide-by-2 required to compensate for the \'2 pre- 
scaling performed in each of the two dimensions. This 
division by 8 *i*mplies that the fixed point position is 



interpreted as being three bits further left than 
anticipated, i.e., treat the result as having 15 bits of 
integer representation and 7 bits of fraction (rather than 
4 bits of fraction) . The rounding mode implemented is 
5 "round to positive infinity", i.e., add one for fractions 
of exactly 0.5. This is primarily done because it is the 
simplest rounding mode to implement. After rounding (a 
conditional -increment of the integer part) is complete, 
this result is inspected to see whether the 9-bit signed 
10 result requires saturation to the maximum or minimum value 
in this range. This is done by inspection of the increment 
carry out together with the upper bits of the original 
integer value. 

As usual, the Token Stream is parsed and the round and 
15 saturation operation is only applied to DATA Token 
extension values. The block has a pipeline depth of two 
stages and is implemented entirely in zcells. 
B.9.9.6 "Idctsels" - IDCT Register Select Decoder 

This block is a simple decoder which decodes the 4 
20 microprocessor interface address lines, and the M sel_test" 
input, into select lines for individual blocks test access 
(snoopers and RAMs) . The block consists only of zcells 
combinatorial logic. The selects decoded are shown in 
Table B.9.2. 
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Table B.9.1 IDCT Test Address Space 

a. Repeated address 



B.9.9.7 "Idctregs" - IDCT control Register and Events 

This block of the invention contains instances of the 
standard event logic blocks to handle the DATA deficient 
and supernumerary errors and also a single memory mapped 
5 bit "vscan" which can be used to make the "izz" re-ordering 
change such that the IDCT output "is vertically scanned. 
This bit is reset to the value "0", i.e., the default mode 
is horizontally scanned output. The two possible events 
are OR-ed together to form an idctevent signal which can be 

10 used as an interrupt. See Section B.9.10 for the addresses 
and bit positions of registers and events. 
B.9.9.8 Clock Generators 

Two "standard" type ("clkgen") clock generators are used 
in the IDCT. This is done so that there can be two 

15 separate scan-paths. The clock generators are called 
"idctcga" and "idctcgb". Functionally, the only difference 
is that "idctcgb" does not need to generate the "notrstl" 
signal. The amounts of buffering for each of the clock and 
reset outputs in the two clock generators is individually 

20 tailored to the actual loads driven by each clock or reset. 
The loads that are matched were actually measured from the 
gate and track capacitances of the final layout. 

When the IDCT top-level Block Place and Route (BPR) was 
performed, advantage was taken of the capabilities of the 

2 5 interactive global routing feature to increase the widths 

of tracks of the first sections of the clock distribution 
trees for the more heavily loaded clocks (ph0__b and phl_b) 
since these tracks will carry significant currents. 
B.9.9.9 JTAG Control Blocks 
30 Since the IDCT has two separate scan-chains, and two 

clock generators, there are two instances of the standard 
JTAG control block, "jspctle" . These interface between the 
test port and the two scan-paths. 
B.9.10 Event and Control Registers 

3 5 The IDCT can generate two events and has a single bit of 

control. The two events are idct_too_f ew_event and 
idct too many — event which can be generated by the "decheck" 
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block at the front of the IDCT if incorrect DATA Tokens are 
detected. The single control bit is "vscan" which is set 
if it is required to operate the IDCT with the output 
vertically scanned. This bit, therefore, controls the 
5 M izz" block. All the event logic and the memory mapped 
control bit are located in the block ? * idctregs" . 

From the point of view of the IDCT, these registers are 
located in the following locations* The tristate i/o wires 
n_derrd and n-serrd are used to read and write to these 
10 locations as appropriate. 
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Table B.9-2 IDCT Control Register Address Space 



Addr. 


Bit 


Register Name 


(h«x> 


name 


t 


0x0 


n.derrd 


tdctjoojew_ev€nt j 




n^serrd 


idct joo"_m»ny_tvem 


Cxi 


n.derrd 


idct.tooJew.masK 




n^serrd 


idcrjoo jnany.mask 



Table B.9.3 IDCT Event Address Space 



B.9.11 Implementation Issues 

B. 9. 11.1 Logic Design Approach 

In the design of all the IDCT blocks, in accordance with 
the invention, there was an attempt to use a unified and 
5 simple logic design strategy which would mean that it was 
possible to do a "safe" design in a quick and 
straightforward manner. For the majority of control logic, 
a simple scheme of using master-slaves only was adopted. 
Asynchronous set/reset inputs were only connected to the 
10 correct system resets* Although it might often be possible 
to come up with clever non-standard circuit configurations 
to perform the same functions more efficiently, this scheme 
possesses the following advantages. 
• conceptually simple 
15 * easy to design 

•speed of operation is fairly obvious {cf. 
latch->logic->latch>logic style design) and 
amenable to automatic analysis 
glitches not a problem (cf. SR latches) 
20 ■ using only system reset for initialization 

allows scan paths to work correctly 
■allows automatic complied C-code generation 
There are a number of places where transparent d-type 
latches were used and these are listed below. 

2 5 " B.9.11. 1.1 two-wire interface latches 

The standard block structure uses latches for the input 
and output two-wire interfaces- No logic exists between an 
output two-wire latch and the following input two-wire 
latch. 

3 0 B.9.11. 1.2 ROM interface 

Because of the timing requirements of the ROM circuit, 
latches are used in the IZZ sequence generator at the 
output of the ROM. 

B.9.11. 1.3 Transform Datapath and control Shif t -Recrister 

35 It is possible to implement every pipeline storage stage 

as a full master-slave device, but because of the amount of 
storage required* there is a significant: savings to be had 
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by using latches. However, this scheme requires the user 
to consider several factors. 

• control shift-register must now produce control 
signals of both phases for use as enables (i.e., 

5 need to use latches in this shift-register) 

• timing analysis complicated by use of latches 

• the "t_postc" will no longer automatically produce 
compiled code since one latch outputs to another 
latch of the same phase (because of the timing of the 

10 enables this is not a problem for the circuit) 

Nonetheless, the area saved by the use of latches makes 
it worthwhile to accept these factors in the present 
invention . 

B . 9 . 11 . l . 4 Microprocessor interfaces 

15 Due to the nature of this interface, there is a 

requirement for latches (and resynchronizers ) in the Event 
and register block "idctregs" and in the keyhole logic for 
RAM cores. 

B. 9 . 11. 1.5 JTAG Test Control 

20 These standard blocks make use of latches. 

B. 9* 11.2 circuit Design Issues 

Apart from the work done in the design of the library 
cells that were used in the IDCT design (standard cells, 
datapath library, RAMs, ROMs, etc.) there is no requirement 

25 for any transistor level circuit design in the IDCT. 
Circuit simulations (using Hspice) were performed of some 
of the known critical paths in the transform datapath and 
Hspice was also used to verify the results of the Critical 
Path Analysis (CPA) tool in the case of paths that were 

3 0 close to the allowed maximum length. 

Note that the IDCT -is fully static in normal operation 
(i.e., we can stop the system clocks indefinitely) but 
there are dynamic nodes in scanable latches which will 
decay when test clocks are stopped (or very slow) . Due to 

3 5 the non-restored nature of some nodes which exhibit a Vt 
drop (e.g., mux outputs) the IDCT will not be "micro-power" 
when static. 



B.9.11.3 Layout Approach 

The overall approach to the layout implementation of the 
present invention was to use BPR (some manual intervention) 
to lay out a complete IDCT which consisted of many zcells 
and a small number of macro blocks. These macro blocks 
were either hand-edited layout (e.g., RAMs, ROM, clock 
generators, datapaths) or, in the case of the "oned" block, 
had been buil-t using BPR from further zcells and datapaths. 

Datapaths were constructed from kdplib cells. 
Additionally, locally defined layout variations of kdplib 
cells were defined and used where this was perceived as 
providing a worthwhile size benefit. The datapath used in 
each of the "oned" blocks, "oned_d", is by far the largest 
single element in the design and considerable effort was 
put into optimizing the size (height) of this datapath. 

The organization of the transform datapath, "t_dp", is 
rather crucial since the precise ordering of the elements 
within the datapath will affect the way the interconnect is 
handled. It is important to minimize the number of "overs" 
(vertical wires not connecting to a sub-block) which occur 
at the most congested point since there is a maximum 
allowed value (ideally 8, 10 is also possible, although 
highly inconvenient) . The datapath is split logically into 
three major sub-sections and this is the way that the 
datapath layout was performed. in each subsection, there 
are really four parallel data flows (which are combined at 
various points) and there are, therefore, many ways of 
organizing the flows of data (and, thus, the positions of 
all the elements) within each subsection. The ordering of 
the blocks within each subsection, and also the allocation 
of logical buses to physical bus pitches was worked out 
carefully before layout commenced in order to make it 
possible to achieve a layout that could be connected 
correctly . 
B.9.12 Verification 

The verification of the IDCT was done at a number of 
levels, from top-level verification of the algorithms to 
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final layout checks. 

The initial work on the transform architecture was done 
in C, both full-precision and bit-accurate integer models 
were developed. Various tests were performed on the bit- 
5 accurate model in order to prove the conformance to the 
H.261 accuracy specification and to measure the dynamic 
ranges of the calculations within the transform 
- architecture. 

The design progressed in many cases by writing an M 

10 behavioral description of sub-blocks (for example, the 
control of datapaths and RAMs) . Such descriptions were 
simulated in Lsim before moving onto the design of the 
schematic description of that block. In some cases (e.g., 
RAMs, clock generators) the behavioral descriptions were 

15 still used for top-level simulations. 

The strategy for performing logic simulation was to 
simulate the schematics for everything that would simulate 
adequately at that level. The low-level library cells 
(i.e., zcells and kdplib) were mainly simulated using their 

20 behavioral descriptions since this results in far smaller 
and quicker simulations. Additionally, the behavioral 
library cells provide timing check features which can 
highlight some circuit configuration problems. As a 
confidence check, some simulations were performed using the 

25 transistor descriptions of the library cells. All the 
logic simulations were in the zero-delay manner and, 
therefore, were intended to verify functional performance. 
The verification of the real timing behavior is done with 
other techniques. 

30 Lsim switch-level simulations (with RCJTiming mode being 

used) were done as a partial verification of timing 
performance, but also provide checks for some other 
potential transistor level problems (e.g., glitch sensitive 
circuits) . 

3 5 The main verification technique for checking timing 

problems was the use of the CPA tool, the "path" option for 
"datechk" . This was used to identify the longer signal 



paths (some were already known) and Hspice was used to 
verify the CPA analysis in some critical cases. 

Most Lsim simulations were performed with the standard 
source->block->sink methodology since the bulk of the IDCT 
behavior is exercised by the flow of Tokens through the 
device. Additional simulations are also necessary to test 
the features accessed through the microprocessor interface 
(configuration, event and test logic) and those test 
features accessed via JTAG/scan. 

Compiled-code simulations can be readily accomplished by 
one of ordinary skill in the art for entire IDCT, again 
using the standard source->bloc->sink method and many of 
the same Token Streams that were used in the Lsim 
verification. 

B.9.13 Testing and Test Support 

This section deals with the mechanisms which are provided 
for testing and an analysis of how each of the blocks might 
be tested. 

The three mechanisms provided for test access are as 
follows: 

• microprocessor access to RAM cores 

• microprocessor access to snooper blocks 

• scan path access to control and datapath logic 

There are two "snooper" blocks and one "super snooper" 
block in the IDCT. Figure 140 shows the positions of the 
snooper blocks and the other microprocessor test access. 

Using these, and the two RAM blocks, it is possible to 
isolate each of the major blocks for the purpose of testing 
their behavior in relation to the Token flow. Using 
microprocessor access, it is possible to control the Token 
inputs to any block and then to observe the Token port 
output of that block in isolation. Furthermore, there are 
two separate scan paths which run through (almost) all of 
the flip-flops and latches in the control sections of each 
block and also some of the datapath latches in the case of 
the "oned" transform datapath pipeline. The two scan paths 
are denoted "a" and "b", the former running from the 
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"decheck" block to the "ip_fmt w block and the latter from 

the first "oned" block to the w ras" block* 

Access to snoopers is possible by accessing the 

appropriate memory mapped locations in the normal manner* 

The same is true of the RAM cores (using the "ramtest" 

input as appropriate) . The scan paths are accessed through 

the JTAG port in the normal way. 

Each of the blocks is now discussed with reference to the 

various test issues* 

B . 9 . 13 ♦ 1 n D#check" 

This block has the standard structure (see Figure 13 9) 

where two latches for the input and output two-wire 
interfaces surround a processing block. As usual, no scan 
is provided to the two-wire latches since these simply pass 
on data whenever enabled and have no depth of logic to be 
tested. In this block, the "control" section consists of 
a 1-stage pipeline of zcells which are all on scanpath "a". 
The logic in the control section is relatively simple, the 
most complex path is probably in the generation of the DATA 
extension count where a 6-bit incrementer is used. 
B.9.13.2 lf I«S M 

This block is a variant of the standard structure and 
includes a RAM core block added to the two-wire interface 
latches and the control section. The control section is 
implemented with zcells and a small ROM used for address 
sequence generation. All the zcells are on scanpath "a" 
and there is access to the ROM address and data via zcell 
latches. There is also further logic, e.g., for the 
generation of numbers plus the ability to increment or 
decrement. In addition, there is a 7-bit full adder used 
for read address generation. The RAM core is accessible 
through keyhole registers, via the microprocessor 
interface, see Table B.9.1. 
B. 9 . 13 * 3 "lp_fmt M 

This block again has the standard structure. Control 
logic is implemented with some rather simple zcell logic 
(all on scanpath "a") but the latching and shif ting/muxing 



of the data is performed in a datapath with no direct 
access since the logic here is very shallow and simple. 
B.9.13.4 "Oned" 

Again, this block follows the standard structure and 
5 divides into random logic and datapath sections. The zcell 
logic is relatively straightforward/ all the zcells are on 
scanpath "a". The control signals for the transform 
pipeline datapath are derived from a long shift register 
consisting of zcell latches which are on the scanpath* 

10 Additionally, some of the pipeline latches are on the 
scanpath, this being done because there is a considerable 
depth of logic between some stages of the pipeline (e.g., 
multipliers and adders) . The non-DATA Tokens are passed 
along a shift register, implemented as a datapath, and 

15 there is no test access to any of the stages. 
B.9.13.5 Tram' 

This block is very similar to the "izz M block. In this 
case, however, there is no ROM used in the address sequence 
address generation. This is performed algor ithmically . 

20 All the zcell control states are on datapath "b" . 
B.9.13.6 Rras' 

This block follows the standard structure and is entirely 
implemented with zcells. The most complex logical function 
is the 8-bit incrementer used when rounding up. All other 

25- logic is fairly simple. All states are scanpath "b n . 
B. 9. 13.7 Other top-level blocks 

There are several other blocks that appear at the top 
level of the IDCT. The snoopers are obviously part of the 
test access logic, as are the JTAG control blocks. There 

30 are also the two clock generators which do not have any 
special test access (although they support various test 
features) . The block "idctsels" is combinatorial zcell 
logic for decoding microprocessor addresses and the block 
"idctregs" contains the microprocessor accessible event and 

3 5 control bits associated with the IDCT. 
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SECTION B*10 Introduction 

B.10.1 Overview of the Temporal Decoder 

The internal structure of the Temporal Decoder, in 
accordance with the invention, is shown in Figure 142 . 

All data flow between the blocks of the chip (and much of 
the data flow within blocks) is controlled by means of the 
usual two-wire interfaces and each of the arrows in Figure 
142 represents a two-wire interface* The incoming token 
stream passes through the input interface 450 which 
synchronizes the data from the external system clock to the 
internal clock derived from the phase-locked- loop 
(phO/phl) . The token stream is then split into two paths 
via a Top Fork 451; one stream passes to the Address 
Generator 452 and the other to a 256 word FIFO 453. The 
FIFO buffers data while data from previous I or P frames is 
fetched from the DRAM and processed in the Prediction 
Filters 454 before being added to the incoming error data 
from the Spatial Decoder in the Prediction Adder 455 (P and 
B frames) ♦ During MPEG decoding, frame reordering data 
must also be fetched for I and P frames so that the output 
frames are in the correct order, the reordered data being 
inserted into the stream in the Read Rudder block 4 56, 

The Address Generator 4 52 generates separate addresses 
for forward and backward predictions, reorder, read and 
write-back, the data which is written back being split from 
the stream in the Write Rudder block 457. Finally, data is 
resynchronized to the external clock in the Output 
Interface Block 458. 

All the major blocks in the Temporal Decoder are 
connected to the internal microprocessor interface (UPI) 
bus. This is derived from the external microprocessor 
interface (MPI) bus in the Microprocessor Interface block 
4 59. This block has address decodes for the various blocks 
in the chip associated with it. Also associated with the 
microprocessor interface is the event logic. 

The rest of the logic of the Temporal Decoder is 
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concerned primarily with test. First, the I EE 1149.1 
(JTAG) interface 460 provides an interface to internal scan 
paths as well as to JTAG boundary-scan features. Secondly, 
two-wire interface stages which allow intrusive access to 
5 the data flow via the microprocessor interface while in 
test mode are included at strategic points in the pipeline 
architecture . 



SECTION B.ll Clocking, Test and Related Issues 

B-ll.l Clock Regimes 

Before considering the individual functional blocks 
within the chip, it is helpful to have an appreciation of 
5 the clock regimes within the chip and the relationship 
between them. 

During normal operation, most blocks of the chip run 
synchronously to the signal pllsysclk from the phase- 
locked-loop (PLL) block. The exception to this is the DRAM 

10 interface whose timing is governed by the need to be 
synchronous to the iftime sub-block, which generates the 
DRAM control signals (notwe, notoe, notcas, notras) . The 
core of this block is clocked by the two-phase non- 
overlapping clocks clkO and clkl, which are derived from 

15 the quadrature two-phase clocks supplied independently from 
the PLL ckiO, ckil and clkqO, ckql. 

Because the clkO f clkl DRAM interface clocks are 
asynchronous to the clocks in the rest of the chip, 
measures have been taken to eliminate the possibility of 

20 metastable behavior (as far as practically possible) at the 
interfaces between the DRAM interface and the rest of the 
chip. The synchronization occurs in two areas: in the 
output interfaces of the Address Generator 
(addrgen/predread/psgsync , addrgen/ip_wrt2/syncl8 and 

2 5 addrger\'ip — rd2/syncl8 ) and in the blocks which control the 

"swinging" of the swing-buffer RAMs in the DRAM Interface 
(see section on the DRAM Interface) , In each case, the 
synchronization process is achieved by means of three 
metastable-hard flip-flops in series. It should be noted 

3 0 that this means that clkO/clkl are used in the output 

stages of the Address Generator. 

In addition to these completely asynchronous clock 
regimes, there are a number of separate clock generators 
which generate two-phase non-overlapping clocks (phO, phi) 
35 from pllsysclk. The Address Generator, Prediction Filters 
and DRAM Interface each have their own clock generators; 
the remainder of the chip is run off a common clock 



generator. The reasons for this are twofold. First, it 
reduces the capacitive load on individual clock generators, 
allowing smaller clock drivers and reduced clock routing 
widths. Second, each scan path is controlled by a clock 
5 generator, so increasing the number of clock generators 
allows shorter scan-paths to be used. 

It is necessary to resynchronize signals which are driven 
across these- clock-regime boundaries because the minor 
skews between the non-overlapping clocks derived from 

10 different clock generators could mean that underlap 
occurred at the interfaces. Circuitry built into each 
"Snooper" block (see Section B.11.4) ensures that this does 
not occur, and Snooper blocks have been placed at the 
boundaries between all the clock regimes, excepting at the 

15 front of the Address Generator, where the resynchronization 
is performed in the Token Decode block. 
B.il.2 Control of Clocks 

Each standard clock generator generates a number of 
different clocks which allow operation in normal mode and 

20 scan-test mode. The control of clocks in scan-test mode is 
described in detail elsewhere, but it is worth noting that 
several of the clocks generated by a clock generator {tphO, 
tphl, tckm, tcks) do not usually appear to be joined to any 
primitive symbols on the schematics. This is because scan 

2 5 paths are generated automatically by a post-processor which 
correctly connects these clocks. From a functional point 
of view, the fact that the post-processor has connected 
different clocks from those shown on the schematics can be 
ignored; the behavior is the same. 

30 During normal operation, the master clocks can be derived 

in .a number of dif f erent- ways . Table B.ll.l indicates how 
various modes can be selected depending on the states of 
the pins pllselect and override. 
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ptlselect 


override 


Mode 


0 


0 


ptlsyscik is connected directly to external syscik. 
bypassing trie PLL; DRAM Interface clocks (ckiO. ckil, 
ckqO, ckql) are controlled directly from the Dins ti and :q. , 


0 


i 


Overnde mode - pfiO and phi ciocks are controlled [ 

i 

directly from pins tphoish and tpMish: 0 RAM interface 
docks (ckiO, ckil, ckqO, ckql} are controlled direct;/ 
from the pins ti and tq. \ 


1 


0 


Normal operation, pllsysclk rs ;ne c:oc* ;eneratea sy Tie » 
PLU DRAM Interface clocks are generated by the 


\ 


1 


External resistors connected to ti ano tq are usee irsteas 1 
of the internal resistors /debug only). ; 



Table B.ll.l Clock Control Modes 



B.11.3 The Two-wire Interface 

The overall functionality of the two-wire interface is 
described in detail in the Technical Reference* However, 
the two-wire interface is used for all block-to-block 
communication within the Temporal Decoder and most blocks 
consist of a number of pipeline stages, all of which are 
themselves two-wire interface stages. It is, therefore, 
essential to understand the internal implementation of the 
two-wire interface in order to be able to interpret many of 
the schematics. In general, these internal pipeline stages 
are structured as shown in Figure 14 3. 
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Figure 14 3 shows a latch- logic-latch representation as 
this is the configuration which is normally used. However, 
when a number of stages are put together, it is equally 
valid to think of a "stage" as being latch- latch-logic (for 
many engineers a more familiar model) . The use of the 
latch-logic-latch configuration allows all inter-block 
communication to be latch to latch, without any intervening 
logic in either the sending or receiving block* 

Referring again to Figure 143, a simple two-wire 
interface FIFO stage can be constructed by removing the 
logic block, connecting the data and valid signals directly 
between the latches and the latched in_valid directly into 
the NOR gate on the input to the in_accept latch in the 
same way as out_valid and out_accept are gated. Data and 
valid signals then propagate when the corresponding accept 
signal is high. By ORing in_valid with out_accept_reg in 
the manner shown, data will be accepted if in_valid in low, 
even if out_accept_reg is low. In this way gaps (data with 
the valid bit low) are removed from the pipeline whenever 
a stall (accept signal low) occurs. 

With the logic block inserted, as shown in Figure 14 3, 
in_accept and out_valid may also be dependent on the data 
or the state of the block. In the configuration shown, it 
is standard for any state within the block to be held in 
master-slave devices with the master enabled by phi and the 
slave enabled by phO. 
B.11.4 Snooper Blocks 

Snooper blocks enable access to the data stream at 
various points in the chip via the Microprocessor 
Interface. There are two types of snooper blocks. 
Ordinary Snoopers can "only be accessed in test mode where 
the clocks can be controlled directly. "Super Snoopers" 
can be accessed while the clocks are running and contain 
circuitry which synchronizes the asynchronous data from the 
Microprocessor bus to the internal chip clocks. Table 
B.11.2 lists the locations and types of all Snoopers in the 
Temporal Decoder. 
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Location 


i 

Type 1 


acc.*servvec_pio«/snoo0r3 1 


Snoooer i 


addrgervcr.t^toe/mtdsno 


Snooper ! 


aadrtgervcnt_ptDe/en<ssnp 


Snooper { 


addrgervcrecreaa/snoopz*-* 


Snoooer f 


aCOfgerv(p - wrt2.'supcrziO 


Suoer Snooper 


adargervto_*c2/suoerz 1 0 


Super Snoooer 



Table B.11.2 Snoopers in Temporal Decoder. 



<ype 



Snooper 



Snooper 



Suoer Snoooer 



Suoer Snoocer 



Snooper 



Snooper 



Snoooer 



Location 

drajnx/<3rami//ifsnoopVsnooori 5 (fsnp) 



dramx/dramiMfsnoopVsnoooziS (bsnp) 



dramx/dra/nt(/V$noooV5uoerz9 



wrudder/superrS 



pnts/fwaUVdtmfcuWsnoopkl 3 



pnts/bwaflLdimouft/snoook 1 3 



pflts/snoopzS 



Table B.11.2 Snoopers in Temporal Decoder 

Details on the use of both Snoopers are contained in the 
test section. Details of the operation of the JTAG 
interface are contained in the JTAG document* 



SECTION B.12 Functional Blocks 

B.12.1 Top Fork 

The Top Fork, in accordance with the present invention, 
serves two different functions. First p it forks the data 
stream into two separate streams.: one to the Address 
Generator and the other to the FIFO. Second, it provides 
the means of starting and stopping the chip so that the 
chip can be configured. 

The fork part aspect of the component is very simple. 
The same data is presented to both the Address Generator 
and the FIFO, and has to have been accepted by both blocks 
before an accept is sent back to the previous stage. Thus, 
the valids of the two branches of the fork are dependent on 
the accepts from the other branch. If the chip is in a 
stopped state, the valids to both branches are held low. 

The chip powers up in a state where in_accept is held low 
until the configure bit is set high. This ensures that no 
data is accepted until the user has configured the chip. 
If the user needs to configure the chip at any other time, 
he must set the configure bit and wait until the chip has 
finished the current stream. The stopping process is as 
follows : 

1) If the configure bit has been set, do not 
accept any more data after a flush token has 
been detected by the Top Fork. 

2) The chip will have finished processing the 
stream when the FLUSH Token reaches the Read 
Rudder. This causes the signal seq^done to go 
high . 

3) When seq_done goes high, set an event bit which 
can be read by the Microprocessor. The event 
signal can be masked by the Event block. 

B.12.2 Address Generator 

In the present invention, the address generator (addrgen) 
is responsible for counting the numbers of blocks within a 
frame, and for generating the correct sequence of addresses 
for DRAM data transfers. The address generator's input is 
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the token stream from the token input port (via topfork) , 
and its output to the DRAM interface consists of addresses 
and other information, controlled by a request/acknowledge 
protocol . 

5 The principal sections of the address generator are: 

* token decode 

* block counting and generation of the DRAM block 
address 

•conversion of motion vector data into an address 
10 offset 

* request and address generator for prediction 
transfers 

* reorder read address generator 
write address generator 

15 B .12 .2.1 Token Decode (tokdec) 

In the Token Decoder, tokens associated with coding 
standards; frame and block information and motion vectors 
are decoded. The information extracted from the stream is 
stored in a set of registers which may also be accessed via 
20 the upi. The detection of a DATA token header is signalled 
to subsequent blocks to enable block counting and address 
generation. Nothing happens when running JPEG. 

List of tokens decoded: 

* COD ING_STANDARD 

2 5* * DATA 

• DEFINE_MAX_SAMPLING 
• DEFINE_SAMPLING 
• HORIZONTAL_MBS 

* MVD_BACKWARD5 

3 0 * MVD_ FORWARDS 

* P I CTURE_S TART 
■ PICTUREJTYPE 

• PREDICTION_MODE 

This block also combines information from the request 
3 5 generators to control the toggling of the frame pointers 
and to stall the input stream. The stream is stalled when 
a new frame appears at the input (in the form of a 



PICTURE_START token) but the writeback or reorder read 
associated with the previous frame is incomplete. 
B. 12 .2.2 Macroblock Counter (mblkcntr) 

The macroblock counter of the present invention consists 
5 of four basic counters which point to the horizontal and 
vertical position of the macroblock in the frame and to the 
horizontal and vertical position of the block within the 
macroblock. - At the beginning of time, and on each 
PICTURE_START, all counters are reset to zero. As DATA 

10 Token headers arrive, the counters increment and reset 
according to the color component number in the token header 
and the frame structure. This frame structure is described 
by the sampling registers in the token decoder. 

For a given color component, the counting proceeds as 

15 follows. The horizontal block count is incremented on each 
new DATA Token of the same component until it reaches the 
width of the macroblock, and then it resets. The vertical 
block count is incremented by this reset until it reaches 
the height of the macroblock, and then it resets. When 

20 this happens, the next color component is expected. Hence, 
this sequence is repeated for each of the components in the 
macroblock - the horizontal and vertical size of the 
macroblock, possibly being different for each component. 
If, for any component, fewer blocks are received than are 

2 5' expected, the count will still proceed to the next 

component without error. 

When the color component of the DATA Token is less than 
the expected value, the horizontal macroblock count is 
incremented. (Note that this will also occur when more 

3 0 than the expected number of blocks appear for a given color 

component, as the counters will then be expecting a higher 
component index.) This horizontal count is reset when the 
count reaches the picture width in macroblocks. This reset 
increments the vertical macroblock count. 
35 There is a further ability to count macroblocks in H.261 

CIF format. In this case, there is an extra level 
hierarchy between macroblocks and the picture called the 
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group of blocks. This is eleven macroblocks wide and three 
deep, and a picture is always two groups wide. The token 
decoder extracts the CIF bit from the PICTUREJTYPE token 
and passes this to the macroblock counter to instruct it to 
5 count groups of blocks. Instances of too few or too many 
blocks per component will provoke similar reactions as 
above . 

B* 12*2 -3 Block Calculation (blkcalc) 

The Block calculation converts the macroblock and block - 
10 within-macroblock coordinates into coordinates for the 
block's position in the picture, i.e., it knocks out the 
level of hierarchy. This, of course, has to take into 
account the sampling ratios of the different color 
components. 

15 B.12.2.4 Base block Address (bsblkadr) 

The information from the blkcalc, together with the color 
component offsets, is used to calculate the block address 
within the linear DRAM address space. Essentially, for a 
given color component, the linear block address is the 

2 0 number of blocks down times the width of the picture plus 

the number of blocks long. This is added to the color 
component offset to form the base block address. 
B. 12. 2,5 Vector Offset (vec_pipe) 

The motion vector information presented by the token 
25 decoder is in the form of horizontal and vertical pixel 
offset coordinates. That is, for each of the forward and 
backward vectors there is an (x,y) which gives the 
displacement in half-pixels from the block being formed to 
the block from which it is being predicted. Note that 

3 0 these coordinates may be positive or negative. They are 

first scaled according to the sampling of each color 
component, and used to form the block and new pixel offset 
coordinates . 

In Figure 145, the shaded area represents the block that 
3 5 is being formed. The dotted outline is the block from 
which it is being predicted. The big arrow shows the block 
offset - the horizontal and vertical vector to the DRAM 



block that contains the prediction block's origin - in this 
case (1,4). The small arrow shows the new pixel offset - 
the position of the prediction block origin within that 
DRAM block. As the DRAM block is 8x8 bytes, the pixel 
5 offset looks to be (7,2). 

The multiplier array vmarrla then converts the block 
vector offset into a linear vector offset. The pixel 
information is passed to the prediction request generator 
as an (x,y) coordinate (pix_inf o) . 

10 B. 12.2 ,6 Prediction Requests 

The frame pointer, base block address and vector offset 
are added to form the address of the block to be fetched 
from the DRAM (Inblkad3) . If the pixel offset is zero, 
only one request is generated. If there is an offset in 

15 either the x OR y dimension, then two requests are 
generated - the original block address and the one either 
immediately to the right or immediately below. With an 
offset in both x and y, four requests are generated. 

Synchronization between the chip clock regime and the 

20 DRAM interface clock regime takes place between the first 
addition (Inblkad3) and the state machine that generates 
the appropriate requests. Thus, the state machine 

(psgstate) is clocked by the DRAM interface clocks, and its 
scanned elements form part of the DRAM interface scan 

25 chain. 

B. 12.2, 7 Reorder Read Requests and Write Requests 

As there is no pixel offset involved here, each address 
is formed by adding the base block address to the relevant 
frame pointer. The reorder read uses the same frame store 

30 as the prediction and data is written back to the other 
frame store. Each block includes a short FIFO to store 
addresses as the transfer of read and write data is likely 
to lag the prediction transfer at the corresponding 
address. (This is because the read/write data interacts 

3 5 with stream further along the chip dataflow than the 
prediction data) . Each block also includes synchronization 
between the chip clock and the DRAM interface clock. 
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B.12.2.* OffB«tS 

The DRAM is configured as two frame stores, each of which 
contains up to three color components. The frame store 
pointers and the color component offsets within each frame 
5 must be programmed via the upi. 
B . 12 . 2 . 9 Snoopers 

In the present invention, snoopers are positioned as 
follows: 

■ Between blkcalc and bsblkadr - this interface comprises 
10 the horizontal and vertical block coordinates, the 
appropriate color component offset and the width of the 
picture in blocks (for that component) . 

•After bablkadr - the base block address. 
•After vecjpipe - the linear block offset, the 
15 pixel offset within the block, together with 

information on the prediction mode, color component 
and H.261 operation. 

•After Inblkad3 - the physical block address, as 

described under "Prediction Requests". 
2 0 Super snoopers are located in the reorder read and write 

request generators for use during testing of the external 
DRAM. See the DRAM Interface section for all the details. 
B. 12.2.10 Scan 

The addrgen block has its own scan chain, the clocking of 

2 5 which is controlled by the block's own clock generator 

(adclkgen) . Note that the request generators at the back 
end of the block fall within the DRAM interface clock 
regime. 

B.12.3 "Prediction Filters 

3 0 The overall structure of the Prediction Filters, in 

accordance with the present invention, is shown in Figure 
146. The forward and backward filters are identical and 
filter the MPEG forward and backward prediction blocks. 
Only the forward filter is used in H.261 mode (the h2 61_on 
3 5 input of the backward filter should be permanently low 
because H.261 streams do not contain backward predictions) . 
The entire Prediction Filters block is composed of 
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pipelines of two-wire interface stages* 
B. 12.3.1 A Prediction Filter 

Each Prediction Filter acts completely independently of 
the other, processing data as soon as valid data appears at 
its input. It can be seen from Figure 147 that a 
Prediction Filter consists of four separate blocks, two of 
which are identical. It is best if the operation of these 
blocks is described independently for MPEG and H.261 
operation. H.261 being the more complex, is described 
first. 

B . 12.3. 1.1 H.261 Operation 

The one-dimensional filter equation used is as follows: 

F = 2ll ' '- 1 (1<<<6) 

' 4 

F { - x^otherwise) 

This is applied to each row of the 8x8 block by the x 
Prediction Filter and to each column by the y Prediction 
Filter. The mechanism by which this is achieved is 
illustrated in Figure 148, which is basically a 
representation of the pfltldd schematic. The filter 
consists of three two-wire interface pipeline stages. For 
the first and last pixels in a row, registers A and C are 
reset and the data passes unaltered through registers B, D 
and F (the contents of B and D being added to zero) . The 
control of Bx2mux is set so that the output of register B 
is shifted left by one. This shifting is in addition to 
the one place which it is always shifted in any event. 
Thus, all values are multiplied by 4 (more of this later). 
For all other pixels, x i+l is loaded into register C, ^ into 
register B and x^ into register A. It can be seen from 
Figure 148 that the H.261 filter equation is then 
implemented. Because vertical filtering is performed in 
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horizontal groups of three (see notes on the Dimension 
Buffer, below) there is no need to treat the first and last 
pixels in a row differently* The control and the counting 
of the pixels within a row is performed by the control 
5 logic associated with each 1-D filter. It should be noted 
that the result has not been divided by 4. Division by 16 
(shift right by 4) is performed at the input of the 
Prediction Filters Adder (Section B. 12. 4*2) after both 
horizontal and vertical filtering has been performed, so 

10 that arithmetic accuracy is not lost." Registers DA, DD and 
DF pass control information down the pipeline. This 
includes h261_on and last_byte. 

Of the other blocks found in the Prediction Filter, the 
function of the Formatter is merely to ensure that data is 

15 presented to the x-filter in the correct order. It can be 
seen above that this merely requires a three-stage shift 
register, the first stage being connected to the input of 
register C, the second to register B and the third to 
register A. 

2 0 Between the x and y filters, the Dimension Buffer buffers 

data so that groups of three vertical pixels are presented 
to the y-filter. These groups of three are still processed 
horizontally, however, so that no transposition occurs 
within the Prediction Filters ♦ Referring to Figure 149, 

2 5 the sequence in which pixels are output from the Dimension 
Buffer is illustrated in Table B-12*l. 
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Table B.12.1: H.261 Dimension Buffer Sequence 

a. Least row of pixels from previous block or invalid 
data if there was no previous block (or if there 
was 

5 a long gap between blocks,) 

b. F(x) indicates the function in H.261 filter 
equation . 
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During MPEG operation, a Prediction Filter performs a 
simple half pel interpolation: 

F. = X '** f '* 1 (0 < ( < B.half pe/) 

F- = x.(0</<7,integerp*0 



This is the default filter operation unless the h261_on 
input is low. If the signal dim into a 1-D filter is low 
then integer pel interpolation will be performed. 
Accordingly, if h261_on is low and xdim and ydim are low, 
all pixels are passed straight through without filtering. 
It is an obvious requirement that when the dim signal into 
a 1-D filter is high, the rows (or columns) will be 8 
pixels wide (or high). This is summarized in Table B.12.2. 
Referring to Figure 148, "1-D Prediction Filter,", the 
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Table B.12.2 l-D Filter Operation 



operation of the 1-D filter is the same for MPEG inter pel 
as it is for the first and last pixels in a row in H.261. 
For MPEG half-pel operation, register A is permanently 
reset and the output of register C is shifted left by l 
5 (the output of register B is always shifted left by l 
anyway) . Thus, after a couple of clocks register F 
contains (2B +2C) , four times the required result, but this 
is taken care of at the input of the Prediction Filters 
Adder, where the number, having passed through both x and 

10 y filters, is shifted right by 4. 

The function of the Formatter and Dimension Buffer are 
also simpler in MPEG. The formatter must collect two valid 
pixels before passing them to the x-filter for half-pel 
interpolation; the Dimension Buffer only needs to buffer 

15 one row. It is worth noting that after data has passed 
through the x-filter, there can only ever be 8 pixels in a 
row, because ft the filtering operation converts 9-pixel rows 
into 3-pixel rows. "Lost" pixels are replaced by gaps in 
the data stream. When performing half -pel interpolation, 

20 the x-filter inserts a gap at the end of each row (after 
every 8 pixels); the y-filter inserts 8 gaps at the end of 
the block. This is significant because the group of 8 or 
9 gaps at the end of a block align with DATA Token headers 
and other tokens between DATA Tokens in the stream coming 

2 5 out of the FIFO. This minimizes the worst-case throughput 
of the chip which occurs when 9x9 blocks are being 
filtered . 

B. 12.3*2 The Prediction Filters Adder. 

During MPEG operation, predictions may be formed using an 
30 earlier picture, a later picture, or the average of the 
two. Predictions formed from an earlier frame termed 
forward predictions and those formed from a later frame are 
called backward predictions. The function of the 
Prediction Filters Adder (pfadd) is to det ermine which 
35 filtered prediction values are being used (forward, 
backward or both) and either pass through the forward or 
backward filtered predictions or the average of the two 
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(rounded towards positive infinity) . 

The prediction mode can only change between blocks, i.e., 
at power-up or after the fwd_lst_byte and/or bwd_lst_byte 
signals are active, indicating the last byte of the current 
5 prediction block. If the current block is a forward 
prediction then only fwd_lst_byte is examined. If it is a 
backward prediction then only bwd_lst_byte is examined. If 
it is a bidirectional prediction, then both fwd_lst_byte 
and bwd_lst_byte are examined. 

10 The signals fwd_on and bwd_on determine which prediction 

values are used. At any time, either both or neither of 
these signals may be active. At start-up, or if there is 
a gap when no valid data is present at the inputs of the 
block, the block enters a state when neither signal is 

15 active. 

Two criteria are used to determine the prediction mode 
for the next block: the signals fwd_ima_twin and 
bwd_ima_twin, which indicate whether a forward or backward 
block is part of a bidirectional prediction pair, and the 

2 0 buses f wd_p_num[ 1 : 0 ] and bwd_p_num[ 1 : 0 ] . These buses 

contain numbers which increment by one for each new 
prediction block or pair of prediction blocks. These 
blocks are necessary because, for example, if there are two 
forward prediction blocks followed by a bidirectional 
25 prediction block, the DRAM interface can fetch the backward 
block of the bidirectional prediction sufficiently far 
ahead so that it reaches the input of the Prediction 
Filters Adder before the second of the forward prediction 
blocks. Similarly, other sequences of backward and forward 

3 0 predictions can get out of sequence at the input of the 

Prediction Filters Adder. Thus, the next prediction mode 
is determined as follows: 

l)If valid forward data is present and 
fwd_ima_twin is high, then the block stalls until 
35 valid backward data arrives with bwd_ima_twin 

set and then it goes through the blocks averaging 
each pair* of prediction values. 
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2) If valid backward data is present and 
bwd_ima_twin is high, then the block stalls until 
valid forward data arrives with f wd_ima_twin set 
and then it proceeds as above. If forward and 

5 backward data are valid together, there is no 

stall. 

3) If valid forward data is present, but 
fwd_ima_twin is not set, then fwd_p_num is 
examined. If this equals the number from the 

10 previous prediction plus one (stored in 

pred_num) then the prediction mode is set to 
forward . 

4) If valid backward data is present but 
bwd_ima_twin is not set, then bwd_p_num is 

15 examined. If this equals the number from the 

previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
backward . 

Note that r, early_valid" signals from one stage back in 
20 the pipeline are used so that the Prediction Filters Adder 
mode can be set up before the first data from a new block 
arrives. This ensures that no stalls are introduced into 
the pipeline . 

The ima_twin and pred_nura signals are not passed along 
25 the forward and backward prediction filter pipelines with 
the filtered data. This is because: 

1) These signals are only examined when 
fwd_lst_byte and/ or bwd_lst_byte are valid. 
This saves about 25 three-bit pipeline stages in 

30 each prediction filter. 

2) The signals remain valid throughout a block 
and, therefore, are valid at the time when 

fwd_lst__byte 

and/or bwd_lst_byte reach the Prediction Filters 
3 5 Adder. 

3) The signals are examined a clock before data 
arrives anyway. 



10 



15 
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B.12.4 Prediction Adder and FIFO 

The prediction adder (padder) 'forms the predicted frame 
by adding the data from the prediction filters to the error 
data. To compensate for the delay from the input through 
the address generator, DRAM interface and prediction 
filters, the error data passes through a 256 word FIFO 
(sfifo) before reaching padder. 

The CODING_STANDARD, PREDICTION_MODE and DATA Tokens are 
decoded to determine when a predicted block is being 
formed* The 8-bit prediction data is added to the 9-bit 
two's complement error data in the DATA Token. The result 
is restricted to the range 0 to 255 and passes to the next 
block. Note that this data restriction also applies to all 
intra-coded data, including JPEG. 

The prediction adder of the present invention also 
includes a mechanism to detect mismatches in the data 
arriving from the FIFO and the prediction filters. In 
theory, the amount of data from the filters should exactly 
correspond to the number of DATA Tokens from the FIFO which 
20 involve prediction. In the event of a serious malfunction, 
however, padder will attempt to recover. 

The end of the data blocks from the FIFO and filters are 
marked, respectively, by the in_extn and fl_last inputs. 
Where the end of the filter data is detected before the end 

2 5 of the DATA Token, the remainder of the token continues to 

the output unchanged. If, on the other hand, the filter 
block is longer than the DATA Token, the input is stalled 
until all the extra filter data has been accepted and 
discarded. 

3 0 There is no snooper in either the FIFO or the prediction 

adder, as the chip can -be configured to pass data from the 
token input port directly to these blocks, and to pass 
their output directly to the token output port. 
B.12-5 Write and Read Rudders 
3 5 B. 12. 5.1 The Write Rudder (wrudder) 

The Write Rudder passes all tokens coming from the 
Prediction Adder on to the Read Rudder. It also passes all 



data blocks in I or P pictures in MPEG, and ail data blocks 
in H.261 to the DRAM interface so that they can be written 
back into the external frame stores under the control of 
the Address Generator. All the primary functionality is 
contained within one two-wire interface stage, although the 
write-back data passes through a snooper on its way to the 
DRAM interface. 

The Write Rudder decodes the following tokens: 



Token Nam# 


Function in Write Rudder 


CODiNG.STANDARD 


Write-back is inhibited for JPSG streams. 


PICTUREJTYPE 


Write-back only occurs In 1 and P frames, not 3 f/ames. 


DATA 


Onfy the data wrtMn DATA tokens is written back. 



Tokens Decoded by the Write Rudder 

After the DATA Token header has been detected, all data 
bytes are output to the DRAM Interface, The end of the 
DATA Token is detected by in_extn going low and this causes 
a flush signal to be sent to the DRAM Interface swing 
buffer. In normal operation, this will align with the 
point when the swing buffer would swing anyway, but if the 
DATA Token does not contain 64 bytes of data this provides 
a recovery mechanism (although it is likely that the next 
few output pictures would be incorrect) . 
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B.12.5.2 The Ritd Rudder (rrudder) 

The Read Rudder of the present invention has three 
functions, the two major ones relating to picture sequence 
reordering in MPEG: 

1) To insert data which has been read-back from 
the external frame store into the token stream 
at the correct places. 

2) To reorder picture header information in I 
and P pictures. 

3) To detect the end of a token stream by 
detecting the FLUSH token (see Section B.12.1, 
"Top Fork") . 

The structure of the Read Rudder is illustrated in 
Figure 150. The entire block is made from standard two- 
wire interface technology. Tokens in the input interface 
latches are decoded and these decodes determine the 
operation of the block: 



\ Token Name 


Function m Read Rudder 


! FLUSH 


Signals to Top rorK. 


i CODING.STANDARD ' 


Reordering is inhibited if the codrng standard is not MPEG. 


! SEQUENCE.START 


The read-oac* data for the first picture of a reordered secuer-ce -s ;r.vand 


! PICTURE_START 


Signals thai :ne current cutout FIFO must ce swacced {> or ? ?:c:uesj 
The first of the o»cture header tokens. 


- PICTURE_END 


Alt tokens a cove one picture layer are allowed tnrougn 


TEMP0RTALJ1EFERENCE 


The second of the picture header toKens. 


PiCTUREJTYPE 


The tnird of the picture header tokens. 


DATA 


When reordering, the conrems of DATA tc*ers are rerarec 
reordered cata. 



Tmble B.12.4 Tokens decoded by the Read Rudder 



The reorder function is turned on via the Microprocessor 
Interface, but is inhibited if the coding standard is not 
MPEG, regardless of the state of the register. The same 
MPI register controls whether the Address Generator 
generates a reorder address and thus, reorder is an output 
from this block. To understand how the Read Rudder works, 
consider the input and output control logic separately, 
bearing in mind that the sequence of tokens is as follows: 

* CODING_STANDARD 
• SEQUENCE_START 

• PICTURE_START 

• TEMPORAL_REFERENCE 

• PICTUREJTYPE 

•Picture containing DATA Tokens and other tokens 

* PICTURE_END 

• P I CTURE_START 

B. 12. 5.2+1 Input Control Logic 

From the power-up, all tokens pass into FIFO 1 (called 
the current input FIFO) until the first PICTUREJTYPE token 
for an I or P picture is encountered. FIFO 2 then becomes 
the current input FIFO and all input is directed to it 
until the next PICTUREJTYPE for an I or P picture is 
encountered and FIFO 1 becomes the current input FIFO 
again. Within I and P pictures, all tokens between 
PICTUREJTYPE and PICTURE_END, except DATA Tokens, are 
discarded . This is to prevent motion vectors , etc . from 
being associated with the wrong pictures in the reordered 
stream, where they would have no meaning. 

-A three-bit code is put into the FIFO, along with the 
token stream, to indicate the presence of certain token 
headers. This saves having to perform token decoding on 
the output of the FIFOs. 
B. 12. 5.2 .2 output Control Logic 

From the power-up, tokens are accepted from FIFO I 
(called the current output FIFO) until a picture start code 
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is encountered, after which FIFO 2 becomes the current 
output FIFO. Referring back to Section 8.12.5.2.1, it can 
be seen that at this stage the three picture header tokens, 
PICTUR£_START, TEMPO RAL_REFERENCE and PICTURE_START are 
5 retained in FIFO l. The current output FIFO is swapped 
every time a picture start code is" encountered in an I or 
P frame. Accordingly, the three picture header tokens are 
stored until _the next I or P frame, at which time they will 
become associated with the correctly reordered data. B 

10 pictures are not reordered and, hence, pass through without 
any tokens being discarded. All tokens in the first 
picture, including PICTURE_END are discarded. 

During I and P pictures, the data contained in DATA 
Tokens in the token stream is replaced by reordered data 

15 from the DRAM Interface. During the first picture, 
"reordered" data is still present at the reordered data 
input because the Address Generator still requests the DRAM 
Interface to fetch it. This is considered garbage and is 
discarded . 
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SECTION B.13 The DRAM Interface 

B.13.1 Overview 

In the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
5 block for that particular chip. In all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

10 The DRAM Interface typically operates from a clock which 

is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 

This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

15 Data is usually transferred between the DRAM Interface 

and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer 11 . This is essentially a pair of RAMs operated in a 

20 double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

2 5 Each of the chips has four swing buffers, but the 

function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
30 DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read Intra or Predicted data from the DRAM and the 

3 5 other two to read forward and backward prediction data. In 

the Video Formatter, one swing buffer is used to transfer 
data to the DRAM and the other three are used to read data 
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from the DRAM, one of each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb respectively) . 

The operation of the generic features of the DRAM 
Interface is described in the Spatial Decoder document. 
The following section describes the features peculiar to 
the Temporal Decoder. 

B.13*2 The Temporal Decoder DRAM Interface 

As mentioned in section B.13,1, the Temporal Decoder has 
four swing buffers: two are used to read and write decoded 
Intra and Predicted (I and P) picture data and these 
operate as described above. The other two are used to 
fetch prediction data. 

In general, prediction data will be offset from the 
position of the block being processed as specified by 
motion vectors in x and y. Thus, the block of data to be 
fetched will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figures 151 and 25 , 
where the shaded area represents the block that is being 
formed. The dotted outline shows the block from which it 
is being predicted. The address generator converts the 
address specified by the motion vectors to a block offset 
(a whole number of blocks) , as shown by the big arrow, and 
a pixel offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be fetched from the DRAM. . If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension, then two requests 
are generated - the original block address and the one 
either immediately to the right or immediately below. With 
an offset in both x and y, four requests are generated. 
For each block which is to be fetched, the address 
generator calculates start and stop addresses parameters 
and passes these to the DRAM interface. The use of these 
start and stop addresses is best illustrated by an example, 
as outlined below. 
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Consider a pixel offset of (l, 1), as illustrated by the 
shaded area in Fig* 152 and Fig, 26. The address generator 
makes four requests , labelled A through D in the figure. 
The problem to be solved is how to provide the required 
sequence of row addresses quickly. The solution is to use 
"start /stop" technology, and this is described below. 

Consider block A in Figure 152. Reading must start at 
position (1, 1) and end at position (7, 7). Assume for the 
moment that one byte is being read at a time (i.e. an 8 bit 
DRAM Interface) . The x value in the- coordinate pair forms 
the three LSBs of the address, the y value the three MSBs . 
The x and y start values are both 1, giving the address 9. 
Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value. At this point, the y value is 
incremented by 1 and the x start value is reloaded, giving 
an address of 17. As each byte of data is read, the x 
value is again incremented until it reaches its stop value. 
The process is repeated until both x and y values have 
reached their stop values. Thus, the address sequence of 
9, 10, 11, 12, 13, 14, 15, 17, 23, 25, 31, 33, 

. . . , . . . , 57 , . . . , 63 is generated. 

In a similar manner, the start and stop coordinates for 
block B are: (1, 0) and (7, 0), for block C: (0,1) and 
(0,7), and for block D: (0, 0) and (0, 0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, the 
data from address 10 to address 15 in the swing buffer, and 
so on. Similarly, the data read from address 8 in block B 
should be written to address 15 in the swing buffer and the 
data from address 16 into address 15 in the swing buffer. 
This function turns out to have a very simple 
implementation as outlined below. 

Consider block A. At the start of reading, the swing 
buffer address register is loaded with the inverse of the 
stop value, the y inverse stop value forming the 3 MSBs and 
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the x inverse stop value forming the 3 LSBs. In this case, 
while the DRAM Interface is reading address 9 in the 
external DRAM, the swing buffer address is zero. The swing 
buffer address register is then incremented as the external 
5 DRAM address register is incremented, as illustrated in 
Table B. 13 . 1: 

Table B.13.1 Illustration of Prediction Addressing 



I 

' Ext ORAM Address 


Swing Suff Address 


Ext ORAM Ad. 
{8inary) 


Swjp- 2uff Ad. 


9 = y-stan. x-stan 


0 = y-stop. x-stop 


001 00 1 


COO CC0 j 


10 




m uo 


000 001 j 






001 011 


000 010 | 


15 


5 


001 111 | 


000 t to j 


1 7 = y~i . x-stan 


3 = y+ 1 . x-s:op 


01OOOT 


001 CCO j 


13 


9 


010010 J 


001 001 



The discussion thus far has centered on an 8 bit DRAM 
Interface. In the case of a 16 or 32 bit interface, a few 

10 minor modifications must be made. First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 32 
bit boundary. In the example we have been using, for block 
A, the first DRAM read will point to address 0, and data in 
addresses 0 through 3 will be read. Next, the unwanted 

15 data must be discarded. This is performed by writing all 
the data into the swing buffer (which must now be 
physically bigger than was necessary in the 8 bit case) and 
reading with an offset. When performing MPEG half-pel 
interpolation, 9 bytes in x and/or y must be read from the 

20 DRAM Interface. In this case, the address generator 
provides the appropriate start and stop addresses and some 
additional logic* in the DRAM Interface is used, but there 
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is no fundamental change in the way the DRAM Interface 
operates . 

The final point to note about the Temporal Decoder DRAM 
Interface is that additional information must be provided 
5 to the prediction filters to indicate what processing is 
required on the data. This consists of the following: 

•a "last byte" signal indicating the last byte of a 

transfer (of 64, 72 or 81 bytes) 

* an H. 261 flag 

10 -a bidirectional prediction flag 

•two bits to indicate the block's dimensions (3 or 9 
bytes in x and y) 

• a two bit number to indicate the order of the blocks 
The last byte flag can be generated as the data is read 

15 out of the swing buffer. The other signals are derived 
from the address generator and are piped through the DRAM 
Interface so that they are associated with the correct 
block of data as it is read out of the swing buffer by the 
prediction filter block. 
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SECTION B.14 UPI Documentation 
B . 14 . 1 Introduction 

This document is intended to give the reader an 
appreciation of the operation of the microprocessor 
5 interface in accordance with the present invention. The 
interface is basically the same on both the SPATIAL DECODER 
and the Temporal Decoder, the only difference being the 
number of address lines. 

The logic described here is purely the microprocessor 
10 internal logic. The relevant schematics are; 
UPI 

UPI101 
UPI102 
DINLOGIC 
15 DINCELL 
UPIN 
TDET 

NONOVRLP 
WRTGEN 
2 0 READGEN 
VREFCKT 

The circuits UPI, UPI101, UPI102 are all the same except 
that the UPI01 has a 7 bit address input with the 8th bit 
hardwired to ground, while the other two have an 8 bit 
2 5 address input • 

Input/Output Signals 

The signals described here are a list of all the inputs 
and outputs (defined with respect to the UPI) to the UPI 
module with a note detailing the source or destination of 
30 these signals: 

- NOTRSTInputGlobal chip reset, active low, from Pad 
Input Driver 

ElInputEnable signal 1, active low, from the Pad 
Input Driver (Schmitt) . 
35 E2 InputEnable signal 2, active low, from the Pad 

Input Driver (Schmitt) . 

RNOTWlnputRead not Write signal from the Pad Input 



Driver (Schmitt) . 

ADDRlN[7:0]inputAddress bus signals from the Pad 
Input Drivers (Schmitt). 

MOTDINf 7:0] Input Input data bus from the Input Pad 
Drivers of the Bi-directional Microprocessor Data 
pins (TTLin) . 

INT_RNOTWOutputThe Internal Read not Write signal to 
the internal circuitry being accessed by 
microprocessor interface (See memory map) . 
INT_ADDR[7:0]OutputThe Internal Address Bus to all 
the circuits being accessed by the microprocessor 
interface (See memory map), 

INTDBUS[7:0]Input/OutputThe Internal Data bus to all the 
circuits being accessed by the microprocessor interface 
(See the memory map) and also the microprocessor data 
output pads. The internal Data bus transfers data which is 
the inverse to that on the pins of the chip. 

READ_STROutput An is an internal timing signal which 
indicates a read of a location in the device memory map. 

WRlTE_STROutputAn is an internal signal which indicates 
a write of a location in the internal memory map. 

TRISTATEDPADOutputAn is an internal signal which connects 
to the microprocessor data output pads which indicates that 
they should be tristate. 

General Comments : 

The UPI schematic consists of 6 smaller modules: 
NONOVRLP, UPIN, DINLOGIC, VREFCKT, READGEN , WRTGEN. It 
should be noted from the overall list of signals that there 
are no clock signals associated with the microprocessor 
interface other than the microprocessor bus timing signals 
which are asynchronous . to all the other timing signals on 
the chip. Therefore, no timing relationship should be 
assumed between the operation of the microprocessor and the 
rest of the device other than those that can be forced by 
external control. For example, stopping of the System 
clock externally while accessing the microprocessor 
interface on a test system. 



The other implication of not having a clock in the UPI is 
that some internal timing is self timed. That is, the 
delay of some signals is controlled internally to the UPI 
block . 

The overall function of the UPI is to take the address, 
data and enable and read/write signals from the outside 
world and format them so that they can drive the internal 
circuits correctly. The internal signals that define 
access to the memory map are INT_RNOTW_INT_ADDR[ ♦ . . ] , 
INTDBUS[ . . . ] and READ_STR and WRITE_STR. The timing 
relationship of these signals is shown below for a read 
cycle and a write cycle. It should be noted that although 
the datasheet definition and the following diagram always 
shows a chip enable cycle, the circuit operation is such 
that the enable can be held low and the address can be 
cycled to do successive read or write operations. This 
function is possible because of the address transition 
circuits . 

Also, the presence of the INT_RNOTW and the READ_STR, 
WRITE_STR does reflect some redundancy. It allows internal 
circuits to use either a separate READ_STR and WRITE_STR 
(and ignore INT_RNOTW) or to use the INT_RNOTW and a 
separate Strobe signal (Strobe signal being derived from OR 
of READ_STR and WRITE_STR) . 

The internal da tabus is precharged High during a read 
cycle and it also has resistive pullups so that for 
extended periods when the internal data bus is not driven 
it will default to the OXFF condition. As the internal 
databus is the inverse of the data on the pins, this 
translates to 0x00 on the external pins, when they are 
enabled. This means that, if any external cycle accesses 
a register or a bit of a register which is a hole in the 
memory map, then the output data id determinate and is Low. 

Circuit Details : 

UPIN - 

This circuit is the overall change detect block. It 
contains a sub-circuit called TDET which is a single bit 



change detect circuit. UPIN has a TDET module for each 
address bit and rnotw and for each enable signal, UPIN 
also contains some combinatorial logic to gate together the 
outputs of the change detect circuits. This gating 
5 generates the signals: 

TRAN- which indicates a transition on one of the 

input signals, and 

UPD-DONE- which indicates that transitions have been 
completed and a cycle can be performed. 
10 CHIP_EN- which indicates that the chip has been selected. 

TDET- 

This is the single bit change detect circuit. It 
consists of a 2 latches, and 2 exclusive OR gates. The 
first latch is clocked by the signal SAMPLE and the second 

15 by the signal UPDATE. These two non-overlapping signals 
come from the module NONOVRLP. The general operation is 
such that an input transition causes a CHANGE which, in 
turn, causes a SAMPLE. All input changes while SAMPLE is 
high are accepted and when input changes cease then CHANGE 

20 goes low and SAMPLE goes low which causes UPDATE to go high 
which then transfers data to the output latch and indicates 
UPD_DONE. 

NOXOVRLP- 

This circuit is basically a non-overlapping clock 

2 5 generator which inputs TRAN and generates SAMPLE and 

UPDATE. The external gating on the output of UPDATE stops 
UPDATE from going high until a write pulse has been 
completed. 
DINLOGIC- 

30 This module consists of eight instances of the data input 

circuit DINCELL and some gating to drive the TRISTATEPAD 
signal. This indicates that the output data port will only 
drive if Enablel is low, Enable2 is low, RnotW is high and 
the internal read_str is high. 

3 5 DINCELL^ 

This circuit consists of the data input latch and a 
tristate driver 'to drive the internal databus. Data from 



the input pad is latched when the signal DATAHOLD is high 
and when both Enablel and Enable2 are low. The tristate 
driver drives the internal data bus whenever the internal 
signal INT_RNOTW is low. The internal databus precharge 
transistor and the bus pullup are also included in this 
module. 
WRTGEN- 

This module generates the WRITE_STR, and the latch signal 
DATAHOLD for the data latches. The write strobe is a self 
timed signal, however, the self time delay is defined in 
the VREFCKT. The output from the timing circuit RESETWRITE 
is used to terminate the WRITE_STR signal. It should be 
noted that the actual write pulse which writes a register 
only occurs after an access cycle is concluded. This is 
because the data input to the chip is sampled only on the 
back edge of the cycle. Hence, data is only valid after a 
normal access cycle has concluded. 

READGEN- 

This circuit, as its name suggests, generates the 
READ_STR and it also generates the PRECH signal which is 
used to precharge the internal databus. The PRECH signal 
is also a self timed signal whose period is dependant on 
VREFCKT and also on the voltage on the internal databus. 
The READ_STR is not self timed, but lasts from the end of 
the precharge period until the end of the cycle. The 
precharge circuitry uses inverters with their transfer 
characteristic biased so that they need a voltage of 
approximately 75% of supply before they invert. This 
circuit guarantees that the internal bus is correctly 
precharged before a R£AD_STR begins. In order to stop a 
PRECH pulse tending to zero width if the internal bus is 
already precharged, the timing circuit guarantees a 
minimum, width via the signal RESETREAD. 
VREFCKT- 

The VREFCKT is the only circuit which controls the self 
timing of the interface. Both the delays, 1/Width of 
WRITE_STR and 2 /Width of PRECH, are controlled by a current 
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through a P transistor. The gate on this P transistor is 
controlled by a signal VREF and "this voltage is set by a 
diffusion resistor of 25K ohm. 
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SECTION C.l Overview 

C. 1. 1 . Introduction 

The structure of the image Formatter , in accordance with 
the present invention, is shown in Figure 155. There are 
two address generators, one for writing and one for 
reading, a buffer manager which supervises the two address 
generators and which provides frame-rate conversion, a data 
processing pipeline, including both vertical and horizontal 
unsamplers, color-space conversion and gamma correction, 
and a final control block which regulates the output of the 
processing pipeline. 
C.1.2 Buffer manager 

Tokens arriving at the input to the Image Formatter are 
buffered in the FIFO and then transferred into the buffer 
manager. This block detects the arrival of new pictures 
and determines the availability of a buffer in which to 
store each picture. If there is a buffer available, it is 
allocated to the arriving picture and its index is 
transferred to the write address generator. If there is no 
buffer available, the incoming picture will be stalled 
until one becomes available. All tokens are passed on to 
the write address generator. 

Each time the read address generator receives a VSYNC 
signal from the display system, a request is made to the 
buffer manager for a new display buffer index. If there is 
a buffer containing complete picture data, and that picture 
is deemed ready for display, then that buffer's index will 
be passed to the display address generator. If not, the 
buffer manager sends the index of the last buffer to be 
displayed. At start-up, zero is passed as the index until 
the first buffer is full. 

A picture is ready for display if its number (calculated 
as each picture is input) is greater than or equal to the 
picture number which is expected at the display 
(presentation number) given the encoding frame rate. The 
expected number is determined by counting picture clock 
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pulses, where picture clock can be generated either locally 
by the clock dividers, or externally. This technology 
allows frame-rate conversion (e.g., 2-3 pull-down). 

External DRAM is used for the buffers, which can be 
5 either two or three in number. Three are necessary if 
frame-rate conversion is to be effected. 
c.1.3 Write Address Generator 

The write address generator receives tokens from the 
buffer manager and detects the arrival of each new DATA 
10 Token. As each DATA Token arrives, the address generator 
calculates a new address for the DRAM interface for storing 
the arriving block. The raw data is then passed to the 
DRAM interface where it is written into a swing buffer. 
Note that DRAM addresses are block addresses, and pictures 
15 in the DRAM or organized as rasters of blocks. Incoming 
picture data, however, is actually organized sequences of 
macroblocks, so the address generation algorithm must take 
into account line-width (in blocks) offsets for the lower 
rows of blocks within the macroblock. 
2 0 The arrival buffer index provided by the buffer manager 

is used as an address offset for the whole of the picture 
being stored. Furthermore, each component is stored in a 
separate area within the specified buffer, so component 
offsets are also used in the calculation. 

2 5 C.1.4 Read Address Generator 

The Read Address Generator (dispaddr) does not receive 
or generate tokens, it generates addresses only. In 
response to a VSYNC, it may, depending on field_info, 
read_start, sync_mode, and lsb_invert, request a buffer 

3 0 index from the buffer manager. Having received an index, 

it generates three sets of addresses, one for each 
component, for the current picture to be read in raster 
order. Different setups allow for: interlaced/progressive 
display and/or data, vertical unsampling, and field 
35 synchronization (to an interlaced display). At the lower 
level, the Read Address Generator converts base addresses 
into a sequence of block addresses and byte counts for each 
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of the three components that are compatible with the page 
structure of the DRAM . The addresses provided to the DRAM 
interface are page and line addresses along with block 
start and block end counts* 
5 C.1.5 Output Pipeline 

Data from the DRAM interface feeds the output pipeline. 
The three component streams are first vertically 
interpolated, then horizontally interpolated. Following 
the interpolators, the three components should be of equal 

10 ratios (4:4:4), and are passed through the color-space 
converter and color lookup tables/gamma correction. The 
output interface may hold the streams at this point until 
the display has reached an HSYSC. Thereafter, output 
controller directs the three components into one, two or 

15 three 8-bit buses, multiplexing as necessary. 
C.1.6 Timing Regimes 

There are basically two principal timing regimes 
associated with the Image Formatter. First, there is a 
system clock, which provides timing for the front end of 

20 the chip (address generators and buffer manager, plus the 
front end of the DRAM interface) . Second, there is a pixel 
clock which drives all the timing for the back end (DRAM 
interface output, and the whole of the output pipeline) . 
Each of the two aforementioned clocks drives a number of 

25 on-chip clock generators. The FIFO, buffer manager and 
read address generator operate from the same clock (D$) 
with the write address generator using a similar, but 
separate clock (W$) „ Data is clocked into the DRAM 
interface on an internal DRAM interface clock, (out*). D$ , 

30 w* and out$ are all generated from syscik. 

Read and write addresses are clocked in the DRAM 
interface by the DRAM interface's own clock. 

Data is read out of the DRAM interface on bifR$, and is 
transferred to the section of the output pipeline named 

35 "bushy_ne M (north-east - by virtue of its physical 
location) which operates on clocks denoted by NE$ . The 
section of the pipeline from the gamma RAMs onward is 
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clocked on a separate, but similar, clock (R*) . bifR*, NE$ 
and R$ are all derived from the pixel clock, pixin. 

For testing, all of the major interfaces between blocks 
have either snoopers or super-snoopers attached. This 
5 depends on the timing regimes and the type of access 
required. Block boundaries between separate, but similar 
timing regimes have retiming latches associated therewith. 
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SECTION C.2 Buffer Management- 

C . 2 . l „ Introduction 

The purpose of the buffer management block, in accordance 
with the present invention, is to supply the address 
generators with indices identifying any of either two or 
three external buffers for writing and reading of picture 
data. The allocation of these indices is influenced by 
three principal factors, each representing the effect of 
one of the timing regimes in operation. These are the rate 
at which picture data arrives at the input to Image 
Formatter (coded data rate), the rate at which data is 
displayed (display data rate) , and the frame rate of the 
encoded video sequence (presentation rate) . 
C.2. 2 Functional Overview 

A three-buffer system allows the presentation rate and 
the display rate to differ (e.g., 2-3 pulldown), so that 
frames are either repeated or skipped as necessary to 
achieve the best possible sequence of frames given the 
timing constraints of the system. Pictures which present 
some difficulty in decoding may also be accommodated in a 
similar way, so that if a picture takes longer than the 
available display time to decode, the previous frame will 
be repeated while everything else "catches up". In a two- 
buffer system, the three timing regimes must be locked - it 
is the third buffer which provides the flexibility for 
taking up the slack. 

The buffer manager operates by maintaining certain status 
information associated with each external buffer. This 
includes flags indicating if the buffer is in use, if it is 
full of data, or ready for display, and the picture number 
within the sequence of the picture currently stored in the 
buffer. The presentation number is also recorded, this 
being a number which increments every time a picture clock 
pulse is received, and represents the picture number which 
is currently expected for display based on the frame rate 
of the encoded sequence. 
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An arrival buffer (a buffer to which incoming data will 
be written) is allocated every time a P I CTURE_ST ART token 
is detected at the input. This buffer is then flagged as 
IN_USE. On PICTURE_END, the arrival buffer will be de- 
5 allocated (reset to zero) and the' buffer flagged as either 
FULL or READY depending on the relationship between the 
picture number and the presentation number. 

The display address generator requests a new display 
buffer, once every vsync, via a two-wire interface. If 
10 there is a buffer flagged as READY , then that will be 
allocated to display by the buffer manager. If there is no 
READY buffer, the previously displayed buffer will be 
repeated . 

Each time the presentation number changes, it is detected 

15 and every buffer containing a complete picture is tested 
for READY-ness by examining the relationship between its 
picture number and the presentation number. Buffers are 
considered in turn. When any of the buffers are deemed to 
be READY, this automatically cancels the R£ADY-ness of any 

20 buffer which was previously flagged as READY. The previous 
buffer is then flagged as EMPTY. This works because later 
picture numbers are stored, by virtue of the allocation 
scheme, in the buffers that are considered later. 

TEMPORAL^ REFERENCE tokens in H.261 cause a buffer's 

2 5 picture number to be modified if skipped pictures in the 
input stream are indicated. This feature, although 
envisioned, is not currently included, however. Similarly, 
TEMPORAL-REFERENCE tokens in MPEG have no effect. 

A FLUSH token causes the input to stall until every 

30 buffer is either EMPTY, or has been allocated as the display 
buffer. Thereafter, presentation number and picture number 
are reset and a new sequence can commence. 
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C.2.3 Architecture 

C* 2 . 3 . i Interfaces 

C.2.3. 1.1. In terface to bm front 

All data is input to the buffer manager from the input 
FIFO, bmjront. This transfer takes place via a two-wire 
interface, the data being 8 bits wide plus an extension 
bit. All data arriving at the buffer manager is guaranteed 
to be a complete token. This is a necessity for the 
continued processing of presentation numbers and display 
buffer requests in the event of significant gaps in the 
data upstream. 

C.2.3. 1.2 Interface to waddrcren 

Tokens (8 bit data, 1 bit extension) are transferred to 
the write address generator via a two-wire interface. The 
arrival buffer index is also transferred on the same 
interface, so that the correct index is available for 
address generation at the same time as the PICTURE_START 
token arrives at waddrgen. 
C. 2. 3. 1.3 Interface to dispaddr 

The interface to the read address generator comprises two 
separate two-wire interfaces which can be considered to act 
as "request" and "acknowledge" signals, respectively. 
Single wires are not adequate, however, because of the two 
two-wire-based state machines at either end. 

The sequence of events normally associated with the 
dispaddr interface is as follows. First, dis-paddr invokes 
a request in response to a vsync from the display device by 
asserting the drq_valid input to the buffer manager. Next, 
when the buffer manager reaches an appropriate point in its 
state machine, it will accept the request and go about 
allocating a buffer to be displayed. Thereafter, the 
disp_valid wire is asserted, the buffer index is 
transferred, and this is typically accepted immediately by 
dispaddr. Furthermore, there is an additional wire 
associated with this last two-wire interface (rst_fld) 
which indicates that the field number associated with the 
current index must be reset regardless of the previous 
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field number. 

C« 2. 3.1.4 M icroprocessor Interface 

The buffer manager block uses four bits of microprocessor 
address space, together with the 8-bit data bus and read 
and write strobes. There are two select signals, one 
indicating user-accessible locations and the other 
indicating test locations which should not require access 
under normal operating conditions. 
c . 2 . 3 . 1 « 5 Events 

The buffer manager is capable of producing two different 
events, index found and late arrival. The first of these 
is asserted when a picture arrives and its PI CTURE_START 
extension byte (picture index) matches the value written 
into the BU_BM_TARGET_IX register at setup. The second 
event occurs when a display buffer is allocated and its 
picture number is less than the current presentation 
number, i.e., the processing in the system pipeline up to 
the buffer manager has not managed to keep up with the 
presentation requirements . 
C.2.3.1.6 Picture Clock 

In the present invention, picture clock is the clock 
signal for the presentation number counter and is either 
generated on-chip or • taken from an external source 
(normally the display system) . The buffer manager accepts 
both of these signals and selects one based on the value of 
pclk^ext (a bit in the buffer manager's control register). 
This signal also acts as the enable for the pad picoutpad, 
so that if the Image Formatter is generating its own 
picture clock, this signal is also available as an output 
from the chip. 
c.2.3.2. Major Blocks 

The following sections describe the various hardware 
blocks that make up the buffer manager schematic (bmlogic) . 
C. 2. 3. 2.1 input /Output block (bm input) 

This module contains all of the hardware associated with 
the four two-wire interfaces of the buffer manager (input 
and output data, drq_valid/accept and disp_valid/accept ) . 
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The input data register is shown, together with some token 
decoding hardware attached thereto. The signal vheader at 
the input to bm_tokdec is used to ensure that the token 
decoder outputs can only be asserted at a point where a 
5 header would be valid (i.e., not in the middle of a token. 
The rtimd block acts as the output data registers, adjacent 
to the duplicate input data registers for the next block in 
the pipeline. This accounts for timing differences due to 
different clock generators. Signals go and ngo are based 

10 on the AND of data valid, accept and not stopped, and are 
used elsewhere in the state machine to indicate if things 
are "bunged up" at either the input or the output. 

The display index part of this module comprises the two- 
wire interfaces together with equivalent "go" signals as 

15 for data. The rst_fld bit also happens here, this being a 
signal which, if set, remains high until disp_valid has 
been high for one cycle. Thereafter, it is reset. In 
addition, rst__fld is reset after a FLUSH token has caused 
all of the external buffers to be flagged either as EMPTY 

20 or IN_USE by the display buffer. This is the same point at 
which both picture numbers and presentation number are 
reset . 

There is a small amount of additional circuitry 
associated with the input data register which appears at 

25 the next level up the hierarchy* This circuitry produces 
a signal which indicates that the input data register 
contains a value equal to that written into BU_BM_TARGIX 
and it is used for event generation. 
c. 2. 3«2. 2 index blocX (bm index) 

3 0 The Index block consists mainly of the 2-bit registers 

denoting the various strategic buffer indices. These are 
arr_buf , the buffer to which arriving picture data is being 
written, disp_buf, the buffer from which picture data is 
being read for display, and rdy_buf, the index of the 

3 5 buffer containing the most up to date picture which could 
be displayed if a buffer was requested by dispaddr. There 
is also a register containing buf_ix, which is used as a 
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general pointer to a buffer. This register gets 
incremented ("D" input to mux) to cycle through the buffers 
examining their status, or which gets assigned the value of 
one of arr_buf, disp_buf or rdy_buf when the status needs 
5 changing. All of these registers (phO versions) are 
accessible from the microprocessor as part of the test 
address space. 01d_ix is just a re-timed version of buf_ix 
and is used for enabling buffer status and picture number 
registers in the bm_stus block. Both buf_ix and old_ix are 

10 decoded into three signals (each can hold the value 1 to 3) 
which are output from this block. Other outputs indicate 
whether buf_ix has the same value as either arr_buf or 
disp_buf, and whether either of rdy_buf and disp_buf have 
the value zero. Zero is not a reference to a buffer. It 

15 merely indicates that there is no arrival/display/ready 
buffer currently allocated. 

Arr_buf and disp_buf are enabled by their respective two- 
wire interface output accept registers. 

Additional circuitry at the bmlogic level is used to 

20 determine if the current buffer index (buf_ix) is equal to 
the maximum index in use as defined by the value written 
into the control register at setup. A 11 1" in the control 
register indicates a three-buffer system, and a "0" 
indicates a two-buffer system. 

2 5 c.2.3.2.3 Buffer Status 

The main components in the buffer status are status and 
picture number registers for each buffer. Each of the 
groups of three is a master-slave arrangement where the 
slaves are the banks of three registers, and the master is 

30 a single register whose output is directed to one of the 
slaves (switched, using register enables, by old_ix) . One 
of the possible inputs to the master is multiplexed between 
the different slave outputs (indexed by buf_ix at the 
bmlogic level) . Buffer status, which is decoded at the 

35 bmlogic level, for use in the state machine logic can take 
any of the values shown in Table C.2.1, or recirculate its 
previous value. Picture number can take the previous value 
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or the previous value incremented by one (or one plus 
delta, the difference between actual and expected temporal 
reference, in the case of H.261) . This value is supplied 
by the 8-bit adder present in the block. The first input 
5 to this adder is this_pnum, the picture number of the data 
currently being written. 



8uffer Status 


Value 


EMPTY 


00 


FULL 


01 


READY 


. 10 


INFUSE 


11 



Table C.2.1 Buffer Status Values 

This needs to be stored separately (in its own master-slave 
arrangement) so that any of the three buffer picture number 

10 registers can be easily updated based on the current (or 
previous) picture number rather than on their own previous 
picture number (which is almost always out of date) . 
This_pnum is reset to -1 so that when the first picture 
arrives it is added to the output from the adder and, 

15 hence, the input to the first buffer picture number 
register, is zero. 

Note that in the current version, delta is connected to 
zero because of the absence of the temporal reference block 
which should supply the value. 

2 0 C.2 .3 .2 . 4 Presentation Number 

The 8-bit presentation number register has an associated 
presentation flag which is used in the state machine to 
indicate that the presentation number has changed since it 



587 



was last examined. This is necessary because the picture 
clock is essentially asynchronous and may be active during 
any state, not just those which are concerned with the 
presentation number. The rest of the circuitry in this 
block is concerned with detecting that a picture clock 
pulse has occurred and "remembering" this fact. In this 
way, the presentation number can be updated at a time when 
it is valid to do so. A representative sequence of events 
is shown in Figure 156. The signal incr_prn goes active 
the cycle after the re-timed picture clock rising edge, and 
persists until a state is entered during which presentation 
number can be modified. This is indicated by the signal 
en_prnum. The reason for only allowing presentation number 
to be updated during certain states is because it is used 
to drive a significant amount of logic, including a 
standard-cell, not-very-fast 8-bit adder to provide the 
signal rdyst. It must, therefore, be changed only during 
states in which the subsequent state does not use the 
result. 

0/2*3.2,5 Temporal Reference 

The temporal reference block in accordance with the 
present invention, has been omitted from the current 
embodiment of the Image Formatter, but its operation is 
described here for completeness. 

The function of this block is to calculate delta, the 
difference between the temporal reference value received in 
a token in an H,2 61 data stream, and the "expected" 
temporal reference (one plus the previous value) . This 
allows frames to be skipped in H.261. Temporal reference 
tokens are ignored in all non-H.261 streams. The 
calculated value is used in the status block to calculate 
picture numbers for the buffers. The effect of omitting 
the block from bmlogic is that picture numbers will always 
be sequential in any sequence, even if the H.261 stream 
indicates that some should be skipped. 

The main components of the block (visible in the 
schematic bm_tref) are registers for tr, exptr and delta. 
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In the invention, tr is reset to zero and loaded, when 
appropriate, from the input data register. Similarly, 
exptr is reset to -i, and is incremented by either l or 
delta during the sequence of temporal reference states. In 
5 addition, delta is reset to zero and is loaded with the 
difference between the other two registers. All three 
registers are reset after a FLUSH token. The adder in this 
block is used for calculation of both delta and exptr, 
i.e., a subtract and an add operation, respectively, and is 
10 controlled by the signal delta_calc. 
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C.2.3.2.6 Control Registers {hm ureas) 

Control registers for the buffer manager reside in the 
block bm^uregs. These are the access bit register, setup 
register (defining the maximum number of external buffers, 
5 and internal/external picture clock) , and the target index 
register. The access bit is synchronized as expected. The 
signals stopd_0, stopd_l and nstopd_l are derived form the 
OR of the access bit and the two event stop bits. Upi 
address decoding for all of bmlogic is done by the block 

10 bm_udec, which takes the lower 4 bits of the upi data bus 
together with the 2 select signals from the Image Formatter 
top-level address decode. 
C.2«3.2.7 Controlling State Machine 

The state machine logic originally occupied its own 

15 block, bm_state. For code generation reasons, however, it 
has now been flattened and resides on sheet 2 of the 
bmlogic schematic . 

The main sections of this logic are the same. This 
includes the decoding, the generation of logic signals for 

20 the control of other bmlogic blocks, and the new state 
encoding, including the flags from_ps and from_fl which are 
used to select routes through the state machine. There are 
separate blocks to produce the mux control signals for 
bm_stus and bin_index. 

25 Signals in the state machine hardware have been given 

simple alphabetic names for ease of typing and reference. 
They are all listed in Table C.2.2, together with the logic 
expressions which they represent. They also appear as 
comments in the behavioral M. description of bmlogic 

30 (bmlogic. M) . 
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Table C.2.2 Signal Names Used in the State Machine 
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Table C.2.2 Signal names Used in the State Machine 



c.2.3.2.8 Monitoring Operation (bminfo) 

In the present invention, the module, bminfo, is included 
so that buffer status information, index values and 
5 presentation number can be observed during simulations. It 
is written in M and produces an output each time one of its 
inputs changes. 
C.2.3.3 Register Address Map 

The buffer manager's address space is split into two 
10 areas, user-accessible and test. There are, therefore, two 
separate enable wires derived from range decodes at the 
top-level. Table C.2.3 shows the user-accessible 

registers, and Table C.2.4 shows the contents of the test 
space . 
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Table C.2.3 User-Accessible Registers 
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C.2.4 Operation of Th« state Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.2.5. These interact as 
shown in Figure 157, and also as described in the 
5 behavioral description bmlogic.M. 



State 


Value 


PRESO 


J 0x00 


PRESl 


0x10 


CQDHO 
ennun 


0x1 F 


TfcMP.MfcFO 


0x04 




0x05 


TSMP.REF2 


0x06 


TEMP.REF3 


0x07 


ALLOC 


0x03 


NSW.EXP.TR 


0x00 


SET_ARR_fX 


0x0 E 


NEW_PIC.NUM 


OxOF 


FLUSH 


0x01 


DRQ 


OxOB 


TOKEN 


OxOC 


OUTPUTTAIL 


0x08 


VACATS.RDY 


0x17 


USE.RDY 


OxOA 


VACATE.DISP 


0x09 | 


PtCTURE.ENO 


0x02 j 



Tabic C.2.5 Buffer States 
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C.2.4.1 The Reset State 

The reset state is PRESO, with flags set to zero such 
that the sain loop circulated initially. 
C.2.4.2 The Main Loop 
5 The main loop of the state machine comprises the states 

shown in Figure 153 (high-lighted in the main diagram - 
Figure 152) * States PRESO and PRES1 are concerned with 
detecting a picture clock via the signal presflg. Two 
cycles are allowed for the tests involved since they all 

10 depend on the value of rdyst, the adder output signal 
described in C.2.3.2.4. If a presentation flag is 
detected, all of the buffers are examined for possible 
'readiness', otherwise the state machine just advances to 
state DRQ. Each cycle around the PRES0-PRES1 loop examines 

15 a different buffer, checking for full and ready conditions. 
If these are met, the previous ready buffer (if one exists) 
is cleared, the new ready buffer is allocated and its 
status is updated. This process is repeated until all 
buffers have been examined (index — max buf ) and the state 

2 0 then advances. A buffer is deemed to be ready for display 
when any of the following is true: 

(pic_num>pres_num)&&((pic_num - pres_num)>=128) 
or 

(pic_num<pres_num)&&((pres_num - pic_num)<=1 28) 
or 

pic_num = pres_num 



State DRQ checks for a request for a display buffer 
(drq_valid_reg && disp_acc — reg) . If there is no request 
the state advances (normally to state TOKEN - as will be 
25 described later) . Otherwise, a display buffer index is 
issued as follows. If there is no ready buffer, the 
previous index is re-issued or, if there is no previous 
display buffer, a null index (zero) is issued. If a buffer 
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is ready for display, its index is issued and its state is 
updated. If necessary, the previous display buffer is 
cleared. The state machine then advances as before. 

State TOKEN is the typical option for completing the main 
5 loop. If there is valid input and the output is not 
stalled, tokens are examined for strategic values 
(described in later sections) , otherwise control returns to 
state PRESO. 

Control only diverges from the main loop when certain 
10 conditions are met. These are described in the following 
sections , 

c.2.4.3 Allocating The Ready Buffer Index 

If during the PRES0-PRES1 loop a buffer is determined to 
be ready, any previous ready buffer needs to be vacated 

15 because only one buffer can be designated ready at any 
time. State VACATE_RDY clears the old ready buffer by 
setting its state to VACANT, and it resets the buffer index 
to 1 so that when control returns to the PRESO state, all 
buffers will be tested for readiness. The reason for this 

20 is that the index is by now pointing at the previous ready 
buffer (for the purpose of clearing it) and there is no 
record of our intended new ready buffer index* It is 
necessary, therefore, to re-test all of the buffers. 
C.2.4.4 Allocating The Display Buffer Index 

25 Allocation of the display buffer index takes place either 

directly from state DRQ (state USE_RDY) or via state 
VACATE_DISP which clears the old display buffer state. The 
chosen display buffer is flagged as IN_USE, the value of 
rdy_buf is set to zero, and the index is reset to 1 to 

3 0 return to state DRQ. Moreover, disp_buf is given the 
required index and the two-wire interface wires (disp_valid 
and drq_acc) are controlled accordingly. Control returns 
to state DRQ only so that the decision between states 
TOKEN , FLUSH and ALLOC does not need to be made in state 

3 5 USE_RDY. 

C.2.4.5 Operation when FICTUR£_END Received 

On receipt of a PICTURE^END token, control transfers from 
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state TOKEN to state PICTURE_END where, if the index is not 
already pointing at the current arrival buffer, it is set 
to point there so that its status can be updated. Assuming 
both out_acc_reg and en_full are true, status can be 
5 updated as described below. If not, control remains in 
state PICTURE_END until they are both true. The en_full 
signal is supplied by the write address generator to 
indicate that the swing buffer has swung, i.e., the last 
block has been successfully written and it is, therefore, 

10 safe to update the buffer status. 

The just-completed buffer is tested for readiness and 
given the status either FULL or READY depending on the 
result of the test. If it is ready, rdy_buf is given the 
value of its index and the set_la_ev signal (late arrival 

15 event) is set high (indicating that the expected display 
has got ahead in time of the decoding) . The new value of 
arr_buf now becomes zero and, if the previous ready buffer 
needs its status clearing, the index is set to point there 
and control moves to state VACATE_RDY. Otherwise, the 

2 0 index is reset to 1 and control returns to the start of the 

main loop. 

C.2.4.6 Operation When PICTURE_START Received (Allocation 
of Arrival Buffer) 

When a P I CTURE_ START token arrives during state TOKEN, 
25 the flag from_ps is set, causing the basic state machine 
loop to be changed such that state ALLOC is visited instead 
of state TOKEN. State ALLOC is concerned with allocating 
an arrival buffer (into which the arriving picture data can 
be written) , and cycles through the buffers until it finds 
30 one whose status is VACANT. A buffer will only be 
allocated if out_acc_reg is high since it is output on the 
data two-wire interface. Accordingly, cycling around the 
loop will continue until this is indeed the case. Once a 
suitable arrival buffer has been found, the index is 

3 5 allocated to arr_buf and its status is flagged as IN_USE. 

Index is set to 1, the flag from_ps is reset, and the state 
is set to advance to NEW_EXP_TR. A check is made on the 
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picture's index (contained in .the word following the 
PICTURE_START) to determine if it is the same as targ_ix 
(the target index specified at setup) and, if so, 
set_if+_ev (index found event) is set high. 
5 The three states NEW_EXP_TR, SET^ARR_IX and NEW_PIC_NUM 

set up the new expected temporal reference and picture 
number for the incoming data. The middle state just sets 
the index to be arr_buf so that the correct picture number 
register is updated (note that this_pnum is also updated) . 

10 Control then proceeds to state OUTPUTJTAIL which outputs 
data (assuming favorable two-wire interface signals) until 
a low extension is encountered. At this point, the main 
loop is re-started. This means that whole data blocks (64 
items) are output, in between which, there are no tests for 

15 presentation flags or display requests. 
C.2,4.7 Operation When FLUSH Received 

A FLUSH token in the data stream indicates that sequence 
information (presentation number, picture number, rst_fld) 
should be reset. This can only occur when all of the data 

20 leading up to the FLUSH has been correctly processed. 
Accordingly, it is necessary, having received a FLUSH, to 
monitor the status of all of the buffers until it is 
certain that all frames have been handed over to the 
display, i.e., all but one of the buffers have status 

25 EMPTY , and the other is INFUSE (as the display buffer). At 
that point, a "new sequence" can safely be used. 

When a FLUSH token is detected in state TOKEN, the flag 
from_fl is set, causing the basic state machine loop to be 
changed such that state FLUSH is visited instead of state 

3 0 TOKEN. State FLUSH examines the status of each buffer in 
turn, waiting for it to become VACANT or IN_USE as display. 
The state machine simply cycles around the loop until the 
condition is true, then increments its index and repeats 
the process until all of the buffers have been visited. 

35 When the last buffer fulfills the condition, presentation 
number, picture number, and all of the temporal reference 
registers assume their reset values rst_fld is set to 1. 
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The flag from_fl is reset and the normal main loop 
operation is resumed. 

C.2.4.8 Operation When TEMPORAL_R£FERENCE Received 

When a TEMPORAL_REFERENCE token is encountered, a check 
5 is made on the H.261 bit and, if set, the four states 
TEMP_REFO to TEMP_REF3 are visited. These perform the 
following operations: 

TEMP_REFO : temp_ref =in_data_reg ; 
TEMP_REF1 : del ta=temp_ref -exp_tr ; index=arr_buf ; 
10 TEMP_REF2 :exp_tr=delta+exp_tr; 

TEMP_REF3 :pic_num[ i ] =this_pnum+delta ; index=l . 
C.2.4.9 Other Tokens and Tails 

State TOKEN passes control to state OUTPUTJTAIL in ail 
cases other than those outlined above. Control remains 
15 here until the last word of the token is encountered 
(in_extn_reg is low) and the main loop is then re-entered. 
C.2.5 Applications Notes 

C«2,5.l State Machine stalling Buffer Manager Input 

This requirement repeatedly check for the "asynchronous" 

20 timing events of picture clock and display buffer request. 
The necessity of having the buffer manager input stalled 
during these checks means that when there is a continuous 
supply of data at the input to the buffer manager, there 
will be a restriction on the data rate through the buffer 

25 manager. A typical sequence of states may be PRESO, PRES1, 
DRQ, TOKEN , OUTPUTJTAIL, each, with the exception of 
OUTPUTJTAIL, lasting one cycle. This means that for each 
block of 64 data items, there will be an overhead of 3 
cycles during which the input is stalled (during states 

10 PRESO, PRES1 and DRQ) thereby slowing the write rate by 
3/64 or approximately 5%. This number may occasionally 
increase to up to 13 cycles of overhead when auxiliary 
branches of the state machine are executed under worst-case 
conditions. Note that such large overheads will only apply 

35 on a once-per-f rame basis. 

C*2.5.2 Presentation Number Behavior During An Access 

The particular embodiment of the bmjpres illustrated by 
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the schematic shown in C. 2. 3 ,2.4 means that presentation 
number free-runs during upi accesses. If presentation 
number is required to be the same when access is 
relinquished as it was when access was gained, this can be 
5 effected by reading presentation* number after access is 
granted, and writing it back just before it is 
relinquished. Note that this is asynchronous, so it may be 
desirable to repeat the accesses several times to further 
ensure effectiveness . 

10 c.2.5.3 H26X Temporal Reference Numbers 

The module bm_tref (not shown) should be included in the 
bmlogic. The H.261 temporal reference values are correctly 
processed by directing delta input from the bmtref to the 
brn_stus module. The delta input can be tied to zero if the 

15 frames are always sequential. 
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SECTION C.3 Write Address Generation 

C. 3 • 1 Introduction 

The function of the write address generation hardware, 
in accordance with the present invention, is to produce 
block addresses for data to be written away to the buffers. 
This takes account of buffer base addresses, the component 
indicated in the stream, horizontal and vertical sampling 
within a macroblock, picture dimensions , and coding 
standard. Data arrives in macroblock form, but must be 
stored so that lines may be retrieved easily for display. 
C.3. 2 Functional overview 

Each time a new block arrives in the data stream 
(indicated by a DATA token), the write address generator is 
required to produce a new block address. It is not 
necessary to produce the address immediately, because up to 
64 data words can be stored by the DRAM interface (in -the 
swing buffer) before the address is actually needed. This 
means that the various address components can be added to 
a running total in successive cycles, and thus, hence 
obviating the need for any hardware multipliers. The 
macroblock counter function is effected by storing 
strategic terminal values and running counts in the 
register file, these being the operands for comparisons and 
conditional updates after each block address calculation. 

Considering the picture format shown in Figure 161, 
expected address sequences can be derived for both standard 
and H.26l-like data streams. These are shown below. Note 
that the format does not actually conform to the H.261 
specification because the slices are not wide enough (3 
macroblocks rather than 11) but the same "half -picture- 
width-slice" concept is used here for convenience and the 
sequence is assumed to be "H. 261-type" . Data arrives as 
full macroblocks, 4; 2:0 in the example shown, and each 
component is stored in its own area of the specified 
buffer. 
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Standard address sequence: 
000.00 1 ,00C,0OD, 1 00,200; 
0O2.0O3,00E,0OF,1 01 ,201 ; 
004 .005 .010.011,1 02.202; 
005.007,012,013.103,203; 
003,009,014,015,104,105; 
OOA.008,01 6.01 7, 1 05,205; 
018,019,024,025,106,107; 
01 A,01 8,026 



080,081, 08C,08D,1 22.222; 
082.083.08E,08F, 123,223; 

H261-type sequence; 

000,001 .0OC.0OD, 100.200; 

002,003.00E,OOF,101,201; 

004,005,010,011,102.202; 

018,019,024,025,106,107; 

01A,01B,026,027,107,207; 

01 C,01 D,028,029, 1 08,208; 

030,031 >03C,03D # 10C,20C, 
032,Q33,03E,03F,10D.20D; 
034,035,040,041 ,10E,20E; 
006,007.012,013,103,203; 
008.009,014,015,104,105; 
OOA,008,01 6,01 7, 1 05,205; 
01E,01F,02A,02B, 109,209; 
020,021 ,02C,02D,1 OA^OA; 
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022,023.025,02F ( 10B.20B; 
036.037,042.043, 10F.20F; 
038,039.044,045,11 0,21 0; 
C3A,03B,046,047,111,211; 
048,049,054,055.112,212; 
04A,04B.056 



06A,06B,076,077, 11 D.21 D; 
07E,07F,08A,08B, 121 ,221 ; 
080.08 1 ,06C .080, 1 22,222; 
082 t 0B3,08E,08F,1 23:223; 

C» 3 • 3 Architecture 
c« 3 . 3 . l Interfaces 

C. 3. 3. 1,1 Interface to buffer manager 

The buffer manager outputs data and the buffer index 
5 directly to the write address generator. This is performed 
under the control of a two-wire-interface. In some ways, 
it is possible to consider the write address generator 
block as an extension of the buffer manager because the two 
are very closely linked. They do, however, operate from 

10 two separate (but similar) clock generators. 
c.3.3.1.2 Interface to dramif 

The write address generator provides data and addresses 
for the DRAM interface. Each of these has their own two- 
wire-interface, and the dramif uses each of them in 

15 different clock regimes. In particular, the address is 
clocked into the dramif on a clock which is not related to 
the write address generator clock. It is, therefore, 
synchronized at the output. 
c.3.3.1.3 Microprocessor Interface 

20 The write address generator uses three bits of 

microprocessor address space together with 8-bit data bus 
and read and write strobes. There is a single select bit 
for register access. 
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C. 3.3,1.4 Events 

The write address generator is capable of producing five 
different events. Two are in response to picture size 
information appearing in the data stream (hrnbs and vmbs) , 
5 and three are in response to DEFIME_SAMPLING tokens (one 
event for each component. 
C.3.3.2 Basic Structure 

The structure of the write address generator is shown in 
the schematic waddrgen . sch . It comprises a datapath, some 
10 controlling logic, and snoopers and synchronization. 
c»3«3«2.x The Datapath (bwadpath) 

The datapath is of the type described in Chapter C.5 of 
this document, comprising an 18-bit adder /subtractor and 
register file (see c.3.3.4), and producing a zero flag 
15 (based on the adder output) for use in the control logic. 
C.3.3.2. 2 The Controlling Logic 

The controlling logic of the present invention consists 
of hardware to generate all of the register file load and 
drive signals, the adder control signals, the two-wire- 
20 interface signals, and also includes the writable control 
registers . 

C . 3 . 3 « 2 » 3 Snoopers and synchronization 

Super snoopers exist on both the data and address ports. 
Snoopers in the datapaths, controlled as super-snoopers 

2 5 from the zcells. The address has synchronization between 

the write address generator clock and the dramif's "elk" 
regime* Syncifs are used in the zcells for the two-wire 
interface signals, and simplified synchronizers are used in 
the datapath for the address. 

3 0 C.3.3.3 Controlling Logic and State Machine 

c» 3. 3. 3.1 Input /Output Block fwa inout) 

This block contains the input and two output two-wire 
interfaces, together with latches for the input data (for 
token decode) and arrival buffer index (for decoding four 
3 5 ways) . 

C.3.3.3. 2 Two Cycle Control Block (va fc) 

The flag fc (first cycle) is maintained here and 
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indicates whether the state machine is in the middle of a 
two-cycle operation (i.e., an operation involving an add). 
C.3,3+3.3. Co mponent Count (wa como) 

Separate addresses are required for data blocks in each 
component, and this block maintains the current component 
under consideration based on the type of DATA header 
received in the input stream. 
C.3,3.3.4 Modulo-3 Control (wa mod3) 

When generating address sequences for H.261 data streams, 
it is necessary to count three rows of macroblocks to half 
way along the screen (see C.3.2). This is effected by 
maintaining a modulo-3 counter, incremented each time a new 
row of macroblocks is visited. 
C. 3 ,3.3 ,5 Control Registers (wa ureas) 
15 Module wa_uregs contains the setup register and the 

coding standard register - the latter is loaded from the 
data stream. The setup register uses 3 bits; QCIF (Isb) 
and the maximum component expected in the data stream (bits 
1 and 2) . The access bit also resides in this block 
20 (synchronized as usual), with the "stopped" bits being 
derived at the next level up the hierarchy (walogic) as the 
OR of the access bit and the event stop bits. 
Microprocessor address decoding is done by the block 
wa_udec which takes read and write strobes, a select wire, 
2 5 and the lower two bits of the address bus. 

C.3.3.3.6 Controlling State Machine (wa state) 

The logic in this block is split into several distinct 
areas. The sate decode, new state encode, derivation of 
"intermediate" logic signals, datapath control signals 
30 (drivea, driveb, load, adder controls and select signals), 
multiplexer controls, two-wire-interface controls, and the 
five event signals . 
C.3.3«3«7 Event Generation 

The five event bits are generated as a result of certain 
35 tokens arriving at the input. It is important that, in 
each case, the entire token is received before any events 
are generated because the event service routines perform 
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calculations based on the new values received. For this 
reason, each of the bits is delayed by a whole cycle before 
being input to the event hardware." 
C.3.3.4 Register Address Map 

There are- two sets of registers in the write address 
generator block. These are the top-level setup type 
registers located in the standard cell section, and 
keyholed datapath registers. These are listed in Table 
C.3.1 and C.3.2, respectively. 
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Table C.3.1 Top-Level Registers 
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Table C.3.2 Image Formatter Address Generator Keyhole 
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Table C.3.2 Image Formatter Address Generator Kevhole 




3U_WA00fl_COMPQ_BLOCKS_PSfl_MB_ROW_LSB 



3U.WAD0R.CQMPl.SLCX:KS.PeR.Me_HOW_LSB 



3U.WA00fl_CQMP2.acOCKS.P£R.MB.ROW_MSB 




Oxtf 



3U.WAQOn_cOMP2.aLOCKS_P6R_M8.ROW_MID 



0x101 



0x102 



0x103 



au_WAOOH.COMP2.5LOCKS.PER.MB.RQW.LSS ; _ 

Table c.3.2 image formatter Address Genera to J 



Loadetf 

Keyhole 



Kevftem rian^rtfr Wan* 




i " 


I 


8U.WAD0R„COMP0_L>ST.MB.flOW_MS8 


0x105 


5 




BU,WA0OH_COMP0.L>ST_MB_nOW.MID 


0x106 


a 

o 


Loaded 


eU.WAOOR.COMPO.U^ST.MB.ROW.USB 


0x107 


3 




8U_WAD0R_C0MP1„U*ST_M8_R0W_MS8 


0x109 


2 




SU.WAOOR.COMPI^ST.MB.ROW.MIO 


" 0x1 0a 


8 


Loaded 


3U_WACCR_C0MP1 .LAST.M8.ROW.LS8 


Ox 100 


I a 
° 






OxiOd 


2 


Must ae I 




0x10e 


3 


Leaded 


1 9U WADOP POMP? ( ACT MB RfiW I ?a 


0x10f 


8 




BU.WAOOR.COMP0.H8S.MS8 


Ox in 


2 




3U.WAODR.COMP0_H8S.MIO 


. 0x112 


8 


Loaded 


3U_WAOOR_COMP0_H8S_LSB 


0x113 


8 


1 


3U,WA0DR.COMP 1 .HBS.MS8 


0x115 


2 


Must oe j 


8U_WA0DR_COMP1_HBS.MID 


0x116 


a 


i 

Loaded 


3UJ*VA00R_C0MP1 j-fSS.LSB 


0x1 17 


g 


3U_WAD0R_C0MP2_HSS_MS8 


0x119 




mus» ;e 


8U.WAOOR_COMP2.H8S.MID 


0x1 13 


a 
o 


Loaded 


BU.WA00R_C0MP2.HBS_LSB 


0x11b | 


a 




BU_WA00R_COMP0.MAXH9 


0x1 1 f 




Must ;e ! 


BU.WA OOR.COMP 1 _M AXHB 




2 


j 

Loaded j 

1 


3U,WA0OR_COMP2_MAXH8 


0x127 


2 


3U.WAODR.COMP0.MAXV8 


0x12b | 


2 


Must te 


SLLWADOR.COMP 1.MAXVB 


0x1 2f j 


2 


Loaded 


BU.WAODR.COMP2.MAXV8 


0x133 


2 





Table c.3.2 Image Formatter Addres 



■ Generator Keyhole 
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The keyhole registers fall broadly into two categories. 
Those which must be loaded with picture size parameters 
prior to any address calculation, and those which contain 
running totals of various (horizontal and vertical) block 
and macroblock counts. The picture size parameters may be 
loaded in response to any of the interrupts generated by 
the write address generator, i.e., when any of the picture 
size or sampling tokens appear in the data stream. 
Alternatively, if the picture size is known prior to 
receiving the data stream, they can be written just after 
reset. Example setups are given in Sectionr C.13, and the 
picture size parameter registers are defined in the next 
section. 
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C.3.4 Programing the Writs Address Generator 

The following datapath registers must contain the correct 
picture size information before address calculation can 
proceed. They are illustrated in Figure 162. 

1) WADDR_HALF_WIDTH_IN_BLOCKS: this defines the 

half width , in blocks, of the incoming picture. 

2) WADDR_MBS_WIDE: this defines the width, in 
macroblocks, of the incoming picture. 

3) WADDR_MBS_HIGH: this defines the height, in 
macroblocks, of the incoming picture. 

4) WADDR_LAST_MB_IN_ROW: this defines the block 
number of the top left hand block of the 
last macroblock in a single, full-width row 
of macroblocks. block numbering starts at 
zero in the top left corner of the left-most 
macroblock, increases across the frame 

with each block and subsequently with each 
following row of blocks within the 
macroblock row. 

5 ) WADDR_LAST_MB_IN_HALF_ROW : this is similar 
to the previous item, but defines the block 
number of the top left block in the last 
macroblock in a half-width row of 
macroblocks. 

6 ) WADDR_LAST_ROW_IN_MB : this defines the block 
number of the left most block in the last 
row of blocks within a row of macroblocks. 

7) WADDR_BLOCKS_PER_MB_ROW: this defines the 
total number of blocks contained in a 
single, full-width row of macroblocks. 

8 ) WADDR_LAST_MB_ROW : this defines the top 
left block address of the left-most 
macroblock in the last row of macroblocks 
in the picture. 

9) WADDR_HBS; this defines the width in blocks 
of the incoming picture. 

10)WADDR MAXHB: this defines the block number 
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of the right-most block in a row of blocks in 
a single macroblock. 
11) WADDR_MAXVB: this defines the height-1, in 
blocks, of a single macroblock. 
5 In addition, the registers defining the organization of 

the DRAM must be programmed. These are the three buffer 
base registers, and the n component offset registers, where 
n is the number of components expected in the data stream 
(it can be defined in the data streanr; and can be 1 minimum 
10 and 3 maximum) . 

Note that many of the parameters specify block numbers 
or block addresses. This is because the final address is 
expected to be a block address, and the calculation is 
based on a cumulative algorithm. 
15 The screen configuration illustrated in Figure 162 yields 

the following register values: 

1 )WADDR_HALF_WIDThMN_BLOCKS = 0x16 

2) WADDR_MBS_WIDE = 0x16 

3) WADDR_MBS_HIGH = 0x12 

4) WADDR_LAST_MB JN_ROW = 0x2A 

5) WADDR_LAST_MBJN_HALF_ROW = 0x14 

6) WADDR__LAST_ROWJN_MB = 0x2 C 

7) WADDR_BLOCKS_PER_MB_ROW = 0x58 

8) WADDR_LAST_MB_ROW = 0x5 DB 

9) WADDR_HBS = 0x2C 

10) WADDR_MAXVB = 1 

11) WADDR_MAXH3 = 1 



612 



C.3.3 Operation of Tha state Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C3.3. These interact as 
shown in Figure 164 , and also as described in the 
behavioral description, bmlogic.M, 



State 


Value 


IDLE 


0x00 


DATA 


Ox 10 j 


COOING _STANDAR 0 


OxOC 


HORZ.MBSO 


0x07 


MOR2_MBS 1 


0x06 


VERT.MSSO 


0x08 


VERT.MBS1 


OxOA 


OUTPUT.TAJL 


0x08 


HB 


Oxtl 


M80 


OxiD 


MB1 


0x12 


MB2 


0x1 E 


MB3 


0x13 


MB4 


OxOE 


MS5 


0x14 


MBS 


OxiS 


MB4A 


0x13 | 



Tabla C.3.3 Writa Address 



Ganarator States 
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Stat* 




M648 


0x09 


M84C 


0x17 


M840 


0x16 


A00R1 


* 0x19 


AOOR2 


0x1 A 


- ADOR3 


0x1 B 


A00R4 


OxIC 


«wun j 


0x03 


HSAMP 


Ayrtt 

\JX\JO 


VSAMP 


0x04 


P1C.ST1 


OxOf 


P1C.ST2 


0x01 


P1C.ST3 


0x02 



Table C.3.3 Write Address Generator States 
C.3.5.1 Calculation of the Addrasa 

The major section of the write address generator state 
machine is illustrated down the left hand side of Figure 
5 164. On receipt of a DATA token, the state machine moves 
from state IDLE to state ADDR1 and then through to state 
ADDR5, from which an 18-bit block address is output with 
two-wire-interface controls. The calculations performed by 
the states ADDR1 through to ADDR5 are: 
1 0 BU_WADDR_SCRATCH=BU_BUFFERn_BAS E 

+BU_COMPm_OFFSET ; 

BU_WADDR_SCRATCH=BU_WADDR_SCRATCH 
+BU_WADDR_VMBADDR ; 

BU_W ADDR_S CRATCH= B U_W AD DR - S CRAT CH 
1 5 +BU_WADDR_HMBADDR ; 

BU_WADDR_SCRATCH=BU+WADDR_SCRATCH 
+BU_WADDR_VBADDR ; 

out_addr=BU_WADDR_SCRATCH+BU_WADDR_HB; 

The registers used are defined as follows: 
20 1) BU_WADDR_VMBADDR: the block address (the top left 

block) of the left-most macroblock of the row of 
macroblocks in which the block whose address is 
being calculated is contained. 
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2) BU_WADDR__HMBADDR : the block address (top left 
block) of the top macroblock of the column of 
macroblocks in which the block whose address is 
being calculated is contained • 

3) BU_WADDR_VBADDR: the block address, within the 
macroblock row, of the left-most block of the row 
of blocks in which the block whose address is 
being calculated is contained. 

4) BU_WADDR_HB: the horizontal block number, within 
the macroblock, of the block whose address is 
being calculated . 

5) BU_WADDR_S CRATCH: the scratch register used for 
temporary storage of intermediate results. 

Considering Figure 163, and taking, for example, the 
15 calculation of the block whose address is Ox62D, the 
following sequence of calculations will take place; 

SCRATCH=BUFFERn_BASE+COMPm_OFFSET; {assume 0) 

SCRATCH=0+0x5D8 ; 

SCRATCH=0x5D8+0x2 8 ; 
2 0 SCRATCH=0x600+0x2C; 

block address=0x62C+l=0x62D; 

The contents of the various registers are illustrated in 
the Figure. 

Calculation of New Screen Location Parameters 

2 5 When the address has been output, the state machine 

continues to perform calculations in order to update the 
various screen location parameters described above* The 
states HB and MBO through to MB 6 do the calculations, 
transferring control at some point to state DATA from which 

3 0 the reminder of the DATA Token is output. 

These states proceed in pairs, the first of a pair 
calculating the difference between the current count and 
its terminal value and, hence, generating a zero flag. The 
second of the pair either resets the register or adds a 
3 5 fixed (based on values in the setup registers derived from 
screen size) offset. In each case, if the count under 
consideration has reached its terminal value (i.e., the 
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zero flag is set) , control continues down the "MB" sequence 
of states. if not, all counts are deemed to be correct 
(ready for the next address calculation) and control 
transfers to state DATA. 

Note that all states which involve the use of an addition 
or subtraction take two cycles to complete (allowing the 
use of a standard, ripple-carry adder) , this being effected 
by the use of a flag, fc (first cycle) which alternates 
between 1 and 0 for adder-based states. 

All of the address calculation and screen location 
calculation states allow data to be output assuming 
favorable two-wire interface conditions. 
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c - 3 -5. 2 . ^ 1 Calc ulations for sj-»nrf»T-* 

iMPEG-3t. Y 1 e)_ Sequence 

ze r r e f laTrT ^ ° P -" ti0n « 13 « (in which the 

zero flag ls based on the output of the adder) • 

» states HB and MBO: 

scratch - hb - maxhb; 

if (z) 

hb = 0; 

else 

10 ( 

hb = hb + i 
new_state = DATA; 

) 

states MB1 and MB2 : 

15 scratch = vb_addr - last_row_in_mb; 

if (z) 

vb_addr = 0; 
else 

( 

20 vb_addr = vb_addr + width_in_blocks ; 

new_state = DATA; 

) 

states MB 3 and MB4 : 

scratch = hmb_addr - last_mb_in row; 
25 if (2) 

hmb_addr = o ; 
else 
( 

hmb_addr = hmb_addr + maxhb; 
30 new_state = DATA; 

) 

states MB5 and MB 6 : 

scratch = vrob_addr - last_mb_row; 

if (!z) 

2 5 vmb_addr = vmb_addr + blocks_per_mb_row; 

(v»b_addr is reset after a PICTURE_START token is 
detected, rather than when the end of a picture is inferred 
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from the calculations) . m . 

C.3.S.2.2 Calculations for H»261 Sequences 

The sequence for H.261 calculations diverges from the 
standard sequence at state MB4 : 
5 states HB and MBO:-as above 

states MB1 and MB2:-as above 
states MB 3 and MB4 : 

scratch = hmb_addr - last_mb_in_row; 

if (z & (mod3==2)) /*end of slice on right of screen*/ 

10 ( 

hmb_addr - 0; 
new^state - MB5; 

) 

else if (z) /*end of row on right of screen*/ 
15 ( 

hmb_addr = ha If _width_in_blocks ; 
new_state = MB4A; 

) 

else 
20 ( 

scratch = hmb_addr - last_mb_in_half __row; 
new-state = MB4B; 

} 
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state M84A: 

vmb_addr = vmb_addr - blocks_per_:rJD__row; 
•ev w s:ace = DATA; 

stats (MB4) and MB4B: 

•scratch = hrab_addr - lasc_rab_in_half_row ; j 

if (z 4 (mod3«2)} /*end of slice on left of screen*/ 

hr.b_addr = hmb.addr * naxhb; 
r.ev_state = MB4C; 

} 

else if (z) /'end of row on left of screen*/ 

C 

rvnb.addr = 0; 
r.ev_state = KB4A; 

} 

else 

( 

hntb_addr = tonb — addr * maxhb; 
r.ew_state = DATA; 

} 

states MB4C and MB40: 

vmb_addr 3 vmb^addr - blocks_per_mb_row; 
vinb_addr * vwb^addr - b locks _per_mb_row ; 
r.ew_state * DATA; 



states MBSand M86> as above 
C.3.5.3 Operation on PfCTURE.START Token 

When a PiCTURE.START token is received, control passes to state PIC.ST1 where 
vb_addr register (BU.WADOR J/BADDR) is reset to 0. Each of states PIC.ST2 and PtC_5T3 
then visited, once for each component, resetting hmb.addr and vmb.addr respectively. Cor 
then returns, via state OUTPUT.TAIL, to IDLE. 



619 



C.3.5.3 Operation on PICTURE_START ToJcen 

When a P I CTURE_START token is received, control passes 
to state PIC_ST1 where the vb^addr register 
(BU_WADDR_VBADDR) is reset to 0. Each of states PIC_ST2 
5 and PIC_ST3 are then visited, once for each component, 
resetting hmb_addr and vmb__addr, respectively. Control 
then returns, via state OUTPUT JTAIL, to IDLE . 
C.3.5.4 Operation on DEFINE^ SAMPLING ToJcen 

When a DEFINE_SAMPLING token is received, the component 

10 register is loaded with the least significant two bits of 
the input data. In addition, via states HSAMP and VSAMP, 
the maxhb and maxvb registers for that component are 
loaded. Furthermore, the appropriate define sampling event 
bit is triggered (delayed by one cycle to allow the whole 

15 token to be written) . 

C.3.S.5 Operation on HORI20NTAL_MBS and VERTICAL_KBS 

When each of HORI 20NTAL_MBS and VERTICAL^MBS arrive, the 
14-bit value contained in the token is written, in two 
cycles, to the appropriate register. The relevant event 

20 bit is triggered, delayed by one cycle. 
C.3.5.6 Other Tokens 

The CODING_STANDARD token is detected and causes the top- 
level BU_WADDR_COD_STD- register to be written with the 
input data. This is decoded and the nh261 flag (not H261) 

25 is hardwired to the buffer manager block. All other tokens 
cause control to move to state OUTPUTJTAIL, which accepts 
data until the token finishes. Note, however, that it does 
not actually output any data. 
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SECTION C.4 Read Address Generator 

C.4.1 Overview 

The read address generator of the present invention 
consists of four state machine/datapath blocks. The first, 
5 "dline", generates line addresses -and distributes them to 
the other three (one for each component) identical 
page/block address generators, "dramctls". All blocks are 
linked by two wire interfaces. The modes of operation 
include all combinations of interlaced/progressive, first 

10 field upper/ lower, and frame start on upper/ lower/both . 
The Table C.3.4 shows the names, addresses, and reset 
states of the dispaddr control registers, and Chapter C.13 
gives a programming example for both address generators. 
C.4 ,2 Line Address Generator (dline) 

15 This block calculates the line start addresses for each 

component. Table C.3.4 shows the 18 bit datapath registers 
in dline. 

Note the distinction between DISP_register — name and 
ADDR_register_name DISP __name registers are in dispaddr 
20 only and means that the register is specific to the display 
area to be read out of the DRAM. ADDR_name means that the 
register describes something about the structure of the 
external buffers, 
. * Operation 

25 The basic operation of dline, ignoring all modes repeats 

etc, is: 

if ( vsync_start) / * first active cycle of vsync*/ 
( 

comp = 0 

3 0 DI SP_VB_CNT_COMP [ comp ] =G ; 

LINE [ comp ] =BUFFER_BASE [ comp J +0 ; 

LINE [ comp ] *LI NE [ comp ] ^DISP_COMP_OFFSET [ comp ] ; 

wh i 1 e ( VB_CNT_COMP [ comp ] < DI SP_VBS_COMP [ comp ] 

( 

35 while ( iine_count [ cor.p ] <8 ) 

( 
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( 

while (comp<3) 
( 

—OUTPUT LINE[comp]to dramct 1 [ comp ] 

line [compj =LINE [ corap ] +ADDR_HBS_COMP [ comp ] 

comp = comp + i ; 

) 

1 ine_count [ comp ] =line_count [ comp ] +i ; 

) 

VB_CNT_COMP [ comp ] =VB_CNT_COMP [ comp } + 1 ; 

1 ine_count ( comp ] ==o ; 

) 

) 
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e c.3.4 Dispaddr Datapath Registers 
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C.4.3 Dline Control Registers 

The above operation is modified by the dispaddr control 
registers which are shown in the Table below. 



Register Name 


Address 


8itS 


Reset 
State 


Fyncttcn 
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[3] 


0x1 


1 NTS R LACS D/P RC G j 
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D'scacdr Control Registers 



TABLE C.4.3 CONTROL REGISTERS 
5 C . 4 . 3 . 1 LINES_IN_LAST_ROW [ component ] 

These three registers determine, for each component, the 
number of lines in the last row of blocks that are to be 
read. Thus, the height of the read window may be an 
arbitrary number of lines. This is a back-up feature since 

10 the top, left and right edges of the window are on block 
boundaries, and the output controller can clip (discard) 
excess lines. 
C . 4 . 3 . 2 DISPADDR_ACCESS 

This is the access bit for the whole of dispaddr. On 

15 writing a "1" to this location, dispaddr is halted 
synchronously to the clocks. The value read back from the 
access bit will remain "0" until dispaddr has safely 
halted. Having reached this state, it is safe to perform 
asynchronous upi accesses to all the dispaddr registers. 
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Mote that the upi is actively locked out from the datapath 
registers until the access bit is "1". In order for access 
to dispaddr to be achieved without disrupting the current 
display or datapath operation, access will only given and 
5 released under the following circumstances. 

Stopping: Access will only be granted if the datapath has 
finished its. current two cycle operation (if it were doing 
one) , and the "safe" signal from the output controller is 
high- This signal represents the area on the screen below 
10 the display window and is programmed in the output 
controller (not dispaddr) . Note; It is, therefore, 
necessary to program the output controller before trying to 
gain access to dispaddr. 

Starting-Access will only be released when "safe" is 
15 high, or during vsync. This ensures that display will not 
start too close to the active window. 

This scheme allows the controlling software to request 
access, poll until end of display, modify dispaddr, and 
release access. If the software is too slow and doesn't 
20 release the access bit until after vsync, dispaddr will not 
start until the next safe period. Border color will be 
displayed during this "lost" picture (rather than rubbish) . 
C . 4 . 3 . 3 DISPADDR_CTLO [-7:0] 

When reading the following descriptions, it is important 
2 5 to understand the distinction between interlaced data and 
an interlaced display. 

Interlaced data can be of two forms. The Top-Level 
Registers supports field-pictures (each buffer contains one 
field) , and frames (each buffer contains an entire frame - 
30 interlaced or not) 

DISPADDR_CTL0[7:0]contains the following control bits: 
SYNC_MODE[ 1:0] 

With an interlaced display, vsyncs referring to top and 
bottom fields are differentiated by the field_info pin. 
35 in this context, field_info = HIGH meaning the top field. 
These two control bits determine which vsyncs dispaddr will 
request a new display buffer from the buffer manager and, 
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thus, synchronize the fields in the buffers (if the data 
were interlaced) with the fields on the display: 

0:New Display Buffer On Top Field 

1; Bottom Field 
5 2:Both Fields 

3: Both Fields 

At startup, dispaddr will request a buffer from the 
buffer manager on every vsync. Until a buffer is ready, 
dispaddr will receive a zero (no display) buffer. When it 
10 finally gets a good buffer index, dispaddr has no idea 
where it is on the display. It may, therefore, be 
necessary to synchronize the display startup with the 
correct vsync. 

READ_START 

15 For interlaced displays at startup, this bit determines 

on which vsync display will actually start. Furthermore, 
having received a display buffer index, dispaddr may "sit 
out" the current vsync in order to line up fields on the 
display with the fields in the buffer. 

2 0 INTERLACED/ PROGRESSIVE 

0 : Progressive 
1 : Interlaced 

In progressive mode, all lines are read out of the 
display area of the buffer. In interlaced mode, only 

25 alternate lines are read. Whether reading starts on the 
first or second line depends on field_info. Note that with 
(interlaced) field-pictures, the system wants to read all 
lines from each buffer so the setting of this bit would be 
progressive. The mapping between field_info and 

30 first/second line start may be inverted by lsb_invert (so 
named for historical reasons) . 
LSB_INVERT 

When set, this bit inverts the field_info signal seen by 
the line counter. Thus, reading may be started on the 

3 5 correct line of a frame and aligned to the display 

regardless of the convention adopted by the encoder, the 
display or the Top-Level Registers. 
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LINE_RPT( 2 : 0 ) 

Each bit, when set, causes the lines of the corresponding 
component to be read twice (bit 0 affects component 0 
etc.)- This forms the first part of the vertical 
5 unsampling. It is used in the a times chroma upsampling 
required for conversion from QFIF to 601. 
COMP0HOLD 

This bit is used to program the ratio of the number of 
lines to be read (as opposed to displayed) for component 0 
10 to those of components 1 and 2) . 

0: Same number of lines, i.e., 4:4:4 data in 
the buffers. 

1: Twice as many component 0 lines, i.e., 4:2:0. 

Page/Block Address Generators (dramctls) 
15 When passed a line address, these blocks generate a 

series of page/ line addresses and blocks to read along the 
line. The minimum page width of 8 blocks is always assumed 
and the resulting outputs consist of a page address, a 3 
bit line number, a 3 bit block start, and a 3 bit block 
20 stop address. (The line number is calculated by dline and 
passed through the dramctls unmodified). Thus, to read out 
48 pixels of line 5 form page Oxaa starting from the third 
block from the left (an arbitrary point along an arbitrary 
line) , the addresses passed to the DRAM interface would be: 
2 5 Page = Oxaa 

Line - 5 

Block start = 2 

Block stop « 7 

Each of these three machines has 5 datapath registers. 
30 These are shown in Table C.3.4. The basic behavior of each 
dranictl is: 
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Block start = 2 
Block stop =7 

Each of these three machines has 5 datapath registers. These are shown in Table C 3.4 % 

The basic behaviour o( each dramctl is:- 
while (true) 

{ 

CNTJ.EFT = 0; 

G ET_ A_N E WJJ N E_ ADDR ESS from dline; 

BLOCK_ADDR = input_block_addr + 0; 

PAGE_ADDR = input_j3age_addr + 0; 

CNTJ.EFT = D1SP_HBS + 0; 

while (CNTJ.EFT > BLOCKS J.EFT) 

( 

BLOCKS J.EFT = 8 - BLOCK. ADDR; 

— > output PAG EVADOR, start=BLOCK_ADDR, stop=7. 

PAGE.ADOR = PAG EVADOR + 1; 

BLOCK.ADOR = 0; 

CNTJ.EFT = CNTT.LEFT - BLOCKS.LEFT; 

} 

r Last Page of line 7 

CNT J.EFT = CNT.LEFT * BLOCK.ADDR; 
CNTJ.EFT = CNT J.EFT - 1 ; 

— > output PAGE_ADOR.start=SLOCK_ADDR.stop=CNT_LEFT 

} 
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Table c.3.5 Dramctl(0,l &2) Datapath Regiatera 



Table C.3.5 Oramct!(0,1 & 2) Datapath Registers 





9 us 


Keyhole 
Address 


Oescnpoon 


Comments 


OfS?_CCMP0_H8S 


A 




The number of 


Thts regrster 


oisp_compijhs$ 


A 


0x4c.4<J,4e,4f 


horizontal 


must be loaded 


DIS?_COMP2_H8S 


A 


0x50,51,52.53 


u*w^ka lu oe 
read. c.f. 
AOOR.HSS 


before 

operation can 


CNT.LsrTO 


A 


0x54.55.56,57 


Number of 


These regisiers 


w»N i _icr 1 1 


A 


Qx58,59,5a.5b 


bfocks remaining 


are temporary 
locations used 


C.N7_L£fT2 


A 


0x5c,5d.5e.5f 


to be read 


PAGc.AOCRO 


A 


0x60,61,52.63 


The address of 


by drssadir 


?AG=,A0DR1 


A 


0x64,65,56.67 


the current 


PAGc_A00R2 


A 


0x68.69,6a.6b 


page. 


Note: All 
registers are P7 


3LCCK.AODR0 


3 


0x6c.6d,6e,6f 


Current bloc* 


3LCCK.AOOH1 


3 


0x70.71.72,73 


address 


W from trie upi 


3LCCK.AOOR2 


3 


0x74.75.76,77 






3LOCKS.LHFT0 


» 1 


0x78,79,7a.7b 


Blocks left m 




3LOCKS_U£FTt 


B 


0x7c,7d.7e.7f 


current page 




3LOCKS.LSFT2 


3 


0x80.81.62,83 





Programming 

The following 15 dispaddr registers must be programmed before operation can b: 

BUFFER_BASE0.1,2 

DISP_COMP_OFFSE70.1,2 

DISPJ/BS_COMF0.1.2 

ADDR_HBS_COMP0.1 .2 

DfSP_COMP0.1.2_HBS 
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Using the reset state of the dispaddr control registers 
will give a 4:2n interlaced display with no line repeats 
synchronized and starting on the top field 
(f ield_info=HIGH) . Figure 159, "Buffer 0 Containing a SIF 
(22 by 18 macroblocks) picture, " shows a typical buffer 
setup for a SIF picture. (This example is covered in more 
detail in Section C.13). Note that in this example, 
DISP_HBS_COHPn is equal to ADDR_HBS_COMPn and likewise the 
vertical registers DISP_VBS_COMPn and the equivalent write 
address generator register are equal, i.e., the area to be 
read is the entire buffer. 

Windowing with the Read Address Generator 
It is possible to program dispaddr such that it will read 
only a portion (window) of the buffer. The size of the 
window is programmed for each component by the registers 
DISP_HBS, DISP_VBS, COMPONENT_OFFS ET , .and 
LINES_IN_LAST_ROW. Figure 160, "SIF Component O with a 
display window, " shows how this is achieved (for component 
0 only) . 

In this example, the register setting would be: 

BUFFER_BASEO * OxOO 

DISP_COMP_OFFSETO = Ox2D 

DISP_VBS_COMPO = 0x22 

ADDR_HBS_C0KP0 = 0x2 C 

DISP_HBS_C0M0 = 0X2 A 

Notes : 

•The window may only start and stop on block boundaries. 
In this example we have left LINES_IN_LAST_ROW equal to 
7 (meaning all eight) . 

•This example is not practical with anything other than 
4:4:4 data. In order to correspond, the window edges 
for the other two components could not be on block 
boundaries . 

•The color space converter will hang up if the data it 
receives is not 4:4:4. This means that these read 
windows, in conjunction with the upsamplers must be 
programmed to achieve this. 
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SECTION C.S Datapaths for Address Generation 

The datapaths used in dispaddr and waddrgen are identical 
in structure and width (18 bits), only differing in the 
number of registers, some masking, and the flags returned 
5 to the state machine. The circuit of one slice is shown in 
Figure 165, "Slice Of Datapath, w . Registers are uniquely 
assigned to drive the A or B bus and their use (assignment) 
is optimized in the controller. All registers are loadable 
from the C bus, however, not all "load* signals are driven. 

10 All operations involving the adder cover two cycles 
allowing the adder to have ordinary ripple carry. Figure 
166, "Two cycle operation of the datapath," shows the 
timing for the two cycle sum of two registers being loaded 
back into the "A" bus register. The various flags are 

15 "phO"ed within the datapath to allow ccode generation. For 
the same reason, the structure of the datapath schematics 
is a little unusual. The tristates for all the registers 
(onto the A and B buses) are in a single block which 
eliminates the combinatorial path in the cell, therefore, 

2 0 allowing better ccode generation. To gain upi access to 
the datapaths, the access bit must be set, for without 
this, the upi is locked out. Upi access is different from 
read and write: 

•Writing: When the access bit is set, all load signals 

2 5 are disabled and one of a set of three byte addressed 

write strobes driven to the appropriate byte of one of 
the registers. The upi data bus passes vertically down 
the datapath (replicated, 2-8-8 bits) and the 18 bit 
register is written as three separate byte writes 

3 0 •Reading: This is achieved using the A and B buses. 

Once again, the access bit roust be set. The addressed 
register is driven onto the A or B bus and a upi byte 
select picks a byte from the relevant bus and drives it 
onto the upi bus. 
3 5 As double cycle datapath operations require the A and B 

buses to retain their values, and upi accesses disrupt 
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these, access must only be given by the controlling state 
machine before the start of any datapath operation. 

All datapath registers in both address generators are 
addressed through a 9 bit wide Keyhole at the top level 
5 address 0x28 (msb) and 0x29 ( Isb) for the keyhole, and 0x2A 
for the data. The keyhole addresses are given in Table 
C.11.2. 

Notes : 

1)A11 address registers in the address 
10 generators (dispaddr and waddrgen) contain 

blocked addresses. Pixel addresses are never 
used and the only registers containing line 
addresses are the three LINES_IN_LAST_ROW 
registers . 

15 2) Some registers are duplicated between the 

address generators, e.g., BUFFER_BASEO occurs 
in the address space for dispaddr and 
waddrgen. These are two separate registers 
which BOTH need loading. This allows display 

20 windowing (only reading a portion of the 

display store) , and eases the display of 
formats other than 3 component video. 
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SECTION C.6 The DRAM Interface 

C.6.1 Overview 

In the present invention, the Spacial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
5 block for that particular chip. In all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

10 The DRAM Interface typically operates from a clock which 

is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

15 Data is usually transferred between the DRAM Interface 

and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 

20 double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

25 Each of the chips has four swing buffers, but the 

function of these swing buffers is different in each case. 
In the Spacial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 

30 DRAM and the fourth to read tokenized data from the DRAM. 
In rhe Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 

3 5 Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
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the DRAM, one for each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb, respectively) . 

The operation of a generic DRAM Interface is described 
in the Spacial Decoder document. The following section 
5 describes those features of the DRAM Interface, in 
accordance with the present invention, peculiar to the 
Video Formatter. 

C.6.2 The Video Formatter DRAM Interface 

In the video formatter, data is written into the external 

10 DRAM in blocks, but read out in raster order. Writing is 
exactly the same as already described for the Spacial 
Decoder, but reading is a little more complex. 

The data in the Video Formatter external DRAM is 
organized so that at least 8 blocks of data fit into a 

15 single page. These 8 blocks are 8 consecutive horizontal 
blocks. When rasterizing, 8 bytes need to be read out of 
each of 8 consecutive blocks and written into the swing 
buffer (i.e., the same row in each of the 8 blocks). 

Considering the top row (and assuming a byte-wide 

20 interface) , the x address (the three LSBs) is set to zero, 
as is the y address (3 MSBs) . The x address is then 
incremented as each of the first 8 bytes are read out. At 
this point, the top part of the address (bit 6 and above - 
LSB = bit 0) is incremented and the x address (3 LSBs) is 

25 reset to zero. This process is repeated until 64 bytes 
have been read. With a 16 or 32 bit wide interface to the 
external DRAM, the x address is merely incremented by two 
or four instead of by one. 

The address generator can signal to the DRAM Interface 

3 0 that less than 64 bytes should be read (this may be 
required at the beginning or end of a raster line) although 
a multiple of 8 bytes is always read. This is achieved by 
using start and stop values. The start value is used for 
the top part of the address (bit 6 and above), and the stop 

3 5 value is compared with this and a signal generated which 
indicates when reading should stop. 



SECTION C.7 Vertical Upsampling 

C . 7 . 1 Introduction 

Given a raster scan of pixels of one color component at 
its input, the vertical upsampler in accordance with the 
present invention, can provide an output scan of twice the 
height. Mode selection allows the output pixel values to 
be formed in a number of ways, 
C.7. 2 Ports 

Input two wire interface: 

• in_valid 

• in_accept 

• in_data [7:0] 

• in_lastpel 

•in_lastline 

Output two wire interface: 

•out_valid 

•out_accept 

•out_data [9:0] 

•out_last 

mode [2:0] 

nupdata[7 :0] , upaddr, upsel[3:0], uprstr, upwstr 
ramtest 

tdin, tdout, tpho, tckm, tcks 

phO, phi, notrstO 
C.7. 3 Mode 

As selected by the input bus mode[2:0]. 

Mode register values 1 and 7 are not used. 

In each of the above modes, the output pixels are 
represented as 10-bit values, not as bytes. No rounding or 
truncation takes place in this block. Where necessary, 
values are shifted left to use the same range. 
C.7. 3.1 Mode OtFifo 

The block simply acts as a FIFO store . The number of 
output pixels is exactly the same as at the input. The 
values are shifted left by two. 
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C.7.3.2 Mode 2: Repeat 

Every line in the input scan is repeated to produce an 
output scan twice as high. Again, the pixel values are 
shifted left by two. 
5 A-> ABACBDBCCDD 

C.7.3.3 Mode 4: Lower 

Each input line produces two output lines. In this 
"lower" mode, the second of these two lines (the lower on 
the display) is the same as the input line. The first of 
10 the pair is the average of the current input line and the 
previous input line. In the case of the first input line, 
where there is no previous line to use, the input line is 
repeated . 

This should be selected where chroma samples are co-sited 
15 with the lower luma samples. 

A-> ABAC ( A + B ) /2DB(B+C} /2C(OD) / 2D 
C. 7.3.4 Mode 5: Upper 

Similar to the "lower" mode, but in this case the input 
line forms the upper of the output pair, and the lower is 
20 the average of adjacent input lines. The last output line 
is a repeat of the last input line. 

This should be selected where chroma samples are co-sited 
with the upper luma samples. 

A-> AB(A+B) /2CBD(B+C) /2C(C+D) /2DD 
2 5 C. 7.3.5 Mode 6: Central 

This "central" mode corresponds to the situation where 
chroma samples lie midway between luma samples. In order 
to co-site the output chroma pixels with the luma pixels, 
a weighted average is used to form the output lines. 
30 A - > AB(3A+B) /4C(A + 3B) /4D(3BtC) /4 (B + 3C) /4 

(3O0) /4 (C+3D) /4D 
C.7.4 How It WorXs 

There are two linestores, imaginatively designated "a" 
and "b". In "FIFO" and "repeat" modes, only linestore "a" 
35 is used. Each store can accommodate a line of up to 512 
pixels (vertical upsampling should be performed before any 
horizontal upsamplng) . There is no restriction on the 
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length of the line in "FIFO" mode* 

The input signals in_lastpel and in_lastline are used to 
indicate the end of the input line and the end of the 
picture. In_lastpel, it should be high coincident with the 
5 last pixel of each line. In_lastline, it should be high 
coincident with the last pixel of the last line of the 
picture. 

The output signal out_last is high coincident with the 
last pixel of each output line. 

10 In "repeat" mode, each line is written into store "a". 

The line is then read out twice. As it is read out for the 
second time, the next line may start to be written. 

In "lower", "upper" and "central" modes, lines are 
written alternately into stores "a" and "b" . The first 

15 line of a picture is always written into store "a". Two 
tiny state machines, one for each store, keep track of what 
is in each store and which output line is being formed. 
From these states are generated the read and write requests 
to the linestore RAMs, and the signals that determine when 

20 the next line may overwrite the present data. 

A register (lastaddr) stores the write address when 
in_lastpel is high, thereby providing the length of the 
line for the formation of the output lines. 
C.7.5 UPI 

25 This block contains two 512 x 8 bit RAM arrays, which may 

be accessed via the microprocessor interface in the typical 
way. There are no registers with microprocessor access. 
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SECTION C.8 The Horizontal Up-Samplers 
C.8.1 Overview 

In the present invention, top-Level Registers contain 
three identical Horizontal Up-samplers , one for each color 
5 component. All three are controlled independently and, 
therefore, only one need be described here. From the 
user's point of view, the only difference is that each 
Horizontal Up-sampler is mapped into a different set of 
addresses in the memory map. 
10 The Horizontal Up-sampler performs a combined replication 

and filtering operation. In all, there are four modes of 
operation : 

Table C.7.1 Horizontal Up-sampler Modes 



Mode 


Function 


0 Straight-through (no processing). The reset state. 


1 


No up-sampiing, filter using a 3-tap FIR filter. 


2 


x2 up-sampling and fittenng 


3 


x4 up-sampling and filtering 



C.8, 2 Using a Horizontal Up-Sampler 

15 The address map for each Horizontal Up-sampler consists 

of 25 locations corresponding to 12 13-bit coefficient 
registers and one 2-bit mode register. The number written 
to the mode register determines the mode of operation, as 
outlined in Table C.7.1. Depending on the mode, some or 

20 all of the coefficient registers may be used. The 
equivalent FIR filter is illustrated below. 

Depending on the mode of operation, the input, x n , is 
held constant for one, two or four clock periods. The 
actual coefficients that are programmed for each mode are 

25 as follows: 
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Table C.7.2 Coefficients for Mode 1 



Cceff 


Afl c!OCK ^r.oCS 




cOO 


kl dO 


k2 


c20 



Table C.7.3 Coefficients for Mode 2 



CO€tf 


l st clock period 


2nd clock oenod 




cOO 


cOt 




CIO 


CM 1 

i 




c20 


c2l 



Table c.7.4 Coefficients for Mode 3 



Coert 


1 $t dock oenod 


2nd clock penod 


3rd clock penod 


4tn ciocx c-Tod ! 




cOO 


cOi 


c02 


C03 j 


1 " 


C10 


C11 


c12 


C13 i 


1 <2 


c20 


c2t 


I 


c23 . 
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Coefficients which are not used in a particular mode need 
not be programmed when operating in that mode. 

In order to achieve symmetrical filtering, the first and 
last pixels of each line are repeated prior to filtering. 
5 For example, when up-sampling by two, the first and last 
pixels of each line are replicated four times rather than 
two. Because- residual data in the filter is discarded at 
the end of each line, the number of pixels output is still 
always exactly one, two or four times the number in the 
10 input stream. 

Depending on the values of the coefficients, output 
samples can be placed either coincident with or shifted 
from the input samples. Following are some example values 
for coefficients in some sample modes. A indicates 
15 that the value of the coefficient is "don't care." All 
values are in hexadecimal. 



Table C.7,5 Sample Coefficients 



i 

! Ccetfcient 

t 

i 


xZ up-sarrple, c/p pels 
coincident with i/o 


x2 up-sample, o/p pels m 
berween Vp 


x4 up-samcle. ziz re s 

i 

oecween vp j 


: COO 


0000 


01BD 


00E9 i 


i coi 

i 


0000 


010B 


00B6 J 


! c02 






01 2A : 


j c03 






0102 ; 


j c10 


0800 


0538 


0551 


C11 


0400 


0538 


0651 


I c12 






0^5 


I cl3 






029F 


c20 


0000 


010B 


0055 


; c21 


0400 


01BO 


00E9 


c22 


• 


j 0250 


C23 j 




045 z 



C.a.3 Description of a Horisontal Up-6amplar 

The datapath of the Horizontal Up-sampler is illustrated 
in Figure 168. 

The operation is outlined below for the x4 upsample case. 
In addition, x2 upsampling and xl filtering (modes 2 and l) 
are degenerate cases of this, and bypass (mode 0) the 
entire filter, data passing straight from the input latch 
to the output latch via the final mux, as illustrated, 

1) When valid data is latched in the input 

latch ( W L M ) , it is held for 4 clock periods. 

2) The coefficient registers (labelled "COEFF") are 

multiplexed onto the multipliers for one clock 
period, each in turn, at the same time as the 
two sets of four pipeline registers (labelled 
"PIPE") are clocked. Thus, for input data x,,, 
the first PIPE will fill up with the values cOO.x,,, 

cOl.Xn, C02.X,,, C03.X,,. 

3) Similarly, the second multiplier will multiply x,, 

by of its coefficients, in turn, and the third 
multiplier by all its coefficients, in turn. 
It can be seen that the output will be of the form shown 
in Table C. 7 . 6 

Table C.7.6 output Sequence for Mode 3 



Clockl Penod 


Out out 






*ClO.X^i 




1 








2 


c22.x-, 




* CC2JC.2 


3 


c23.x^ 


*ct3.x,., 





From the point of view of the output, each clock period 
produces an individual pixel. Since each output pixel is 
dependent on the weighted values of 12 input pixels 
(although there are only three different values), this can 
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be thought of as implementing a 12 tap filter on x4 up- 
sampled input pixels. 

For x2 upsampling, the operation is essentially the same, 
except the input data is only held for two clock periods. 
5 Furthermore, only two coefficients are used and the "PIPE" 
blocks are shortened by means of the multiplexers 
illustrated. For xl filtering, the input is only held for 
one clock period. As expected, one coefficient and one 
"PIPE" stage are used. 
10 We now discuss a few notes about some peculiarities of 

the implementation in the present invention. 

1) The datapath width and coefficient width (13 bit 2's 
complement) were chosen so that the same multiplier 
could be used, as was designed for the Color-Space 

15 Converter. These widths are more than adequate for the 

purpose of the Horizontal Up-sampler. 

2) The multiplexers which multiplex the coefficients onto 
the multipliers are shared with the UPI readback. This 
has led to some complications in the structure of the 

20 schematics (primarily because of difficulty in CCODE 

generation), but the actual circuit is smaller. 

3) As in the Color-Space Converter, carry-save 
multipliers are used, the result only being resolved at 
the end. 

25 Control for the entire Horizontal Up-sampler can be 

regarded as a single two-wire interface stage which may 
produce two or four times the amount of data at its output 
as there is on its input. The mode which is programmed in 
via the UPI determines the length of a programmable shift 

30 register (bob) . The selected mode produces an output pulse 
every clock period, every two clock periods or every four 
clock periods. This, in turn, controls the main state 
machine, whose state is also determined by in_valid, 
out_accept (for the two-wire interface) and the signal 

35 ,r in_last" . This signal is passed on from the vertical up- 
sampler and is high for the last pixel of every line. This 
allows the first and last pixels of each line to te 
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replicated twice-over and the clearing down of the pipeline 
between lines (the pipeline contains partially-processed 
redundant data immediately after a line has been 
completed) . 
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SECTION C.9 The Color-Space Converter 
C.9.1 Overview 

The Color-Space Converter in the present invention (CSC) 
performs a 3x3 matrix multiplication on the incoming 9-bit 
5 data, followed by an addition: 



yO 




c01 c02 c03 




xO 




c04 


yi 




c11 c\2 c13 


X 


xl 




c14 


v2 




c12 c22 c23 




_ x2 J 




c24 



Where xO-2 are the input data, yO-2 are the output data 
and cnm are the coefficients. The slightly unconventional 
naming of the matrix coefficients is deliberate, since the 
names correspond to signal names in the schematics. 
10 The CSC is capable of performing conversions between a 

number of different color spaces although a limited set of 
these conversions are used in Top-Level Registers. The 
design color-space conversions are as follows: 

E R> E G> £ 8 ~* Y > C R> ^3 

Y y C Rf C B ^>R,G,B 



Where R, G and B are in the range (0.-511) and all other 
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quantities are in the range of (32.. 470). Since the input 
to the Top-Level Registers CSC is Y , C R , C B , only the third 
and fourth of these equations are of relevance. 

In the CSC design, the precision of the coefficients was 
5 chosen so that, for 9 bit data/ all output values were 
within plus or minus 1 bit of the values produced by a full 
floating point simulation of the algorithm (this is the 
best accuracy that it is possible to achieve) . This gave 
13 bit twos-complement coefficients for cxO-cx3 and 14 bit 
10 twos-complement coefficients for cx4 . The coefficients for 
all the design conversions are given below in both decimal 
and hex. 

Table C.8.1 Coefficients for Various Conversions 









Y->S q 




Ccetf | Cec 


Hex Dec 


Hex 


Dec 


Hex 


Cec ; 


j cOl ! 0.2S9 | 0132 


0.256 j 


1.0 


0400 


1.169 j Z*-2 


! zC2 ; 0.527 [ 0253 0.502 




1.402 


C59C j 1 533 i CScE 


| c03 | 0.1 u 


0075 j 0.098 




0.0 


cooo j o.o ■ :c:c 


' r-* I 0.0 


0000 


16 




•179.455 


F4CS j -222.473 ; =t=3 


CM * 0.5 


0200 | 0.423 




1.0 


0400 j 1.155 f Z-~2 


\ ;12 j -0.419 


Pc53 


-0.35a 




-0.714 


F025 | -0.3:3 } ?C-? 


c:3 | -0.081 


FFAO 


-0.070 




-0.344 


F=A0 { -0.4C2 j -r5-i . 


j cl4 | 123.0 


0800 


123 




135.5 


0878 129 7 | C32A \ 


j c21 


-0.159 


FF53 


-0.144 




1.0 


0400 | 1.159 j C4AC 1 


j c22 | -0.331 


FEAO 


-0.233 | 


0.0 


oooo o.o | :c:o * 


c23 | 0.5 


0200 


0.427 




1.772 


0717 j 2.071 | C8-i9 . 


| c24 j 123 


0800 


128 [ 


-226.816 


F102 


-2S3 34 j r=-i2 



All these numbers are calculated from the fundamental 
15 equation: 

Y = 0.299E R +0. 587E G +0.0114E n 
and the following color-difference equations: 

C K =E R -Y 
C 0 =E 9 -Y 
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The equations in R, G and B are derived from these after 
the full-scale ranges of these quantities are considered. 
C.9.2 Using the Color-Space Converter 

On reset, cOl, cl2, and c23 are set to 1 and all other 
coefficients are set to 0. Thus, y0=x0, yl^xl and y2-x2 
and all data is passed through unaltered. To select a 
color-space .conversion, simply write the appropriate 
coefficients (from Table c.8.1, for example) into the 
locations specified in the address map. 

Referring to the schematics, x0..2 correspond to 
in_data0..2 and yO . . 2 correspond to out_data0 . . 2 . Users 
should remember that input data to the CSC must be up- 
sampled to 4:4:4. If this is not the case, not only will 
the color-space transforms have no meaning, but the chip 
will lock. 

It should be noted that each output can be formed from 
any allowed combination of coefficients and inputs plus (or 
minus) a constant. Thus, for any given color-space 
conversion, the order of the outputs can be changed by 
swapping the rows in the transform matrix (i.e., the 
addresses into which the coefficients are written) . 

The CSC is guaranteed to work for all the transforms in 
Table C.8.1. If other transforms are used the user must 
remember the following: 

1) The hardware will not work if any intermediate result 
in the calculation requires greater than 10 bits of 
precision (excluding the sign bit) . 

2) The output of the CSC is saturated to 0 and 511. That 
is, any number less than 0 is replaced with 0 and any 
number more than 51.1 is replaced with 511. The 
implementation of the saturation logic assumes that the 
results will only be slightly above 511 or slightly 
below 0. If che CSC is programmed incorrectly, then a 
common symptom will be that the output appears to 
saturate all (or most of) the time. 
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C.f.3 Description of the CSC 

The structure of the CSC is illustrated in Figure 169, 
where only two of the three " components" have been shown 
because of space limitations. In the Figure, "register" or 
5 "R" implies a master-slave register and "latch" or "L" 
implies a transparent latch. 

All coefficients are loaded into read-write UPI registers 
which are not shown explicitly in the Figure. To 
understand the operation, consider the following sequence 
10 with reference to the left-most "component" (that which 
produces output out_data0) : 

l)Data arrives at inputs xO-2 (in_data0-2) . This 

represents a single pixel in the input color-space. 

This is latched. 
15 2)x0 is multiplied by cOl and latched into the first 

pipeline register. xl and x2 move on one register. 

3)xl is multiplied by c02, added to (xl.cOl) and latched 

into the next pipeline register. x2 moves on one 

register. 

2 0 4)x2 is multiplied by c03 and added to the result of 

(3), producing (xl.cOl + x2.c02 + x3.c03). The result 
is latched into the next pipeline register. 

5) The result of (4) is added to c04. Since data is kept 
in carry-save format through the multipliers, this adder 

2 5 is also used to resolve the data from the multiplier 

chain. The result is latched in the next pipeline 
register. 

6) The final operation is to saturate the data. Partial 
results are passed from the resolving adder to the 

3 0 . saturate block to achieve this. 

It can be seen that the result is yO, as specified in the 
matrix equation at the start of this section. Similarly, yl 
and y2 are formed in the same manner. 

Three multipliers are used, with the coefficients as the 
3 5 multiplicand and the data as the multiplicator . This 
allows an efficient layout to be achieved, with partial 
results flowing down the datapath and the same input data 



646 



being routed across three parallel -and identical datapaths, 
one for each output. 

To achieve the reset state described in Section C..9.2, 
each of the three "components" must be reset in a different 
5 way* In order to avoid having three sets of schematics and 
three slightly different layouts, this is achieved by 
having inputs to the UPI registers which are tied high or 
low at the top level. 

The CSC has almost no control associated with it. 

10 Nevertheless, each pipeline stage is a two-wire interface 
stage, so there is a chain of valid and accept latches with 
their associated control (in_accept = out_accept_r + 
lin_valid_r) . The CSC is, therefore, a 5-stage deep two- 
wire interface, capable of holding 10 levels of data when 

15 stalled. 

The output of the CSC contain re-synchronizing latches 
because the next function in the output pipe runs off a 
different clock generator. 
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SECTION CIO Output Controller 

C . 10 . 1 Introduction 

The output controller, in accordance with the present 
invention, handles the following functions: 
5 •It provides data in one of three modes 

• 24-bit 4:4:4 

• 16-bit 4:2:2 

• 8-bit 4:2:2 

•It aligns the data to the video display window defined 
10 by the vsync and hsync pulses and by programmed timing 

registers 

•It adds a border around the video window, if 
required 
C.10.2 Ports 
15 Input two wire interface: 

• in_valid 
• in_accept 
•in_data(23 : 0] 
Output two wire interface: 
20 •out^valid 
•out_ accept 
•out_data[23:0] 
•out_active 

• out__window 

2 5 •out_comp[ 1 : 0 ] 

in_vsync , in_hsync 

nupdata[7 :0] , upaddr[4:0], upsel, rstr, wstr 
tdin, tdout, tphO, tckm, tcks chiptest 
phO, phi, notrstO, notrstl 

3 0 C. 10* 3 out Modes 

The format of the output is selected by writing to the 
opnode register. 
C. 10.3.1 Mode O 

This mode is 24-bit 4:4:4 RGB or YCrCb. Input data passes 
35 directly to the output. 
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C. 10. 3.2 Modes 1 and 2 

These modes present 4:2:2 YCrCb. Assuming in_data[23 : 16] 
is Y, in_data[ 15 : 8 ] is Cr and in_data [ 7 : 0 } is Cb. 
c. 10. 3.2.1 Mode 1 
5 In 16-bit YCrCb, Y is presented on out_data ( 15 : 8 ] . Cr 

and Cb are time multiplexed on out_data [ 7 : o ] , Cb first. 
Out_dataf 23 : 16 ] is not used. 
C. 10,3.2.2 Mode 2 

In 8-bit YCrCb, Y , Cr and Cb are time multiplexed on 
10 out_data(7 :0] in the order Cb, Y, Cr, Y. Out_data [ 23 : 8 ] is 
not used. 

C. 10.3.3 Output Timing 

The following registers are used to place the data in a 
video display window. 
15 *vdelay - The number of hsync pulses following a vsync 

pulse before the first line of video or border. 

•hdelay - The number of clock cycles between hsync and 

the first pixel of video or border* 

•height - The height of the video window, in lines. 
20 •width - The width of the video window, in pixels. 

•north, south - The height of the border, respectively, 
above and below the video window, in lines, 
•west, east - The width of the border, respectively, to 
the left and to the right of the video window, in pels. 
25 The minimum vdelay is zero. The first hsync is the first 

active line. The minimum value that can be programmed into 
hdelay is 2. Note, however, that the actual delay from 
in_hsync to the first active output pixel is hdelay+1 
cycles • 

3 0 Any edge of the border can have the value zero. The 

color of the border is selected by writing to the registers 
border_r f border_g and border_b. The color of the area 
outside the border is selected by writing to the registers 
blanker, blank_g and blank_b. Note that the multiplexing 

3 5 performed in output modes I and 2 will also affect the 
border and blank .components . That is, the values in these 
registers correspond with in_data [ 23 : 16 ] , injiata [ 15 : 8 ] and 
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in_data [7:0], 
c.xo.4 Output Flags 

•out_active indicates that the output data is part of 
the active window, i.e., video data or border. 
5 •out_window indicates that the output data is part of 

the video window* 

•out_comp[l:0] indicates which color component is 
present on out_data[7:0] in output modes 1 and 2. In 
mode 1, 0=Cb, l=Cr. In mode 2, 0»Y, l^Cr, 2=Cb. 
10 c.10.5 Two-wire Mode 

The two-wire mode of the present invention is selected 
by writing l to the two wire register. It is not selected 
following reset. In two wire mode, the output timing 
registers and sync signals are ignored and the flow of data 
15 through the block is controlled by out_accept. Note that 
in normal operation, out_accept should be tied high. 
C.1Q.6 snooper 

There is a super-snooper on the output of the block which 
includes access to the output flags. 
2 0 c.10.7 Hov It Works 

Two identical down-counters keep track of the current 
position in the display. "Vcount" decrements on hsyncs and 
loads from the appropriate timing register on vsync or at 
its terminal count. "Hcount" decrements on every pixel and 
2 5 loads on hsync or at its terminal count. Note that in 
output mode 2, one pixel corresponds to two clock cycles. 
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SECTION C 11 The Clock Dividers 

C.ll.l Overview 

Top-Level Registers in the present invention contain two 
identical Clock Dividers, one to generate a PICTURE_CLK and 
5 one to generate an AUDIO_CLK. The Clock Dividers are 
identical and are controlled independently. Therefore, 
only one need be described here. From the user's point of 
view, the only difference is that each Clock Divider's 
divisor register is mapped into a different set of 

10 addresses in the memory map. 

The Clock Divider's function is to provide a 4X sysclk 
divided clock frequency, with no requirement for an even 
mark-space ratio. 

The divisor is required to lay in the range -0 to 

15 -16,000,000 and, therefore, it can be represented using 
24bits with the restriction that the minimum divisor be 16. 
This is because the Clock Divider will approximate an equal 
mark-space ratio (to within one sysclk cycle) by using 
divisor/2. As the maximum clock frequency available is 

20 sysclk, the maximum divided frequency available is 
sysclk/2. Furthermore, because four counters are used in 
cascade divisor/ 2 must never be less than 8, else the 
divided clock output will be driven to the positive power 
rail . 

25 c.ll.2 Using a Clock Divider 

The address map for each Clock Divider consists of 4 
locations corresponding to three 8-bit divisor registers 
and one 1-bit access register. The Clock Divider will 
power-up inactive and is activated by the completion of an 

30 access to its divisor register. 

The divisor registers may be written in any order 
according to the address map in Table C.10.1. The Clock 
Divider is activated by sensing a synchronized 0 to 1 
transition in its access bit. The first time a transition 

35 is sensed, the Clock Divider will come out of reset and 
g enerat e a divided clock. Subsequent transitions (assuming 
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the divisor has also been altered) will merely cause the 
Clock Divider to lock to its new frequency M on~the-f ly . " 
Once activated, there is no way of halting the Clock 
Divider other than by Chip RESET. 
5 Table C10.1 Clock Divider Registers 



Address 


Register 


oob 


access bit 


oib 


divisor MSB 


10b 


dMsof 


11b 


divisor LS8 



Any divisor value in the range 16 to 16,777,216 may be 
used . 

C.11.3 Description of the Clock Divider 

The Clock Divider is implemented as four 22 bit counters 
10 which are cascaded such that as one counter carries, it 
will activate the next counter in turn* A counter will 
count down the value of divisor/4 before carrying and, 
therefore, each counter will take it, in turn, to generate 
a pulse of the divided clock frequency. 
15 After carrying, the counter will reload with divisor/8 

and this is counted down to produce the approximate equal 
mark-space ratio divided clock. As each counter reloads 
from the divisor register when it is activated by the 
previous counter, this enables the divided clock frequency 
20 to be changed on the fly by simply altering the contents of 
the divisor. 

Each counter is clocked by its own independent clock 
generator in order to control clock skew between counters 
precisely and to allow each counter to be clocked by a 
25 different set of clocks. 

A state machine controls the generation of the divisor/4 
and divisor/8 values and also multiplexes the correct 
source clocks from the PLL to the clock generators. The 
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counters are clocked by dif ferent - clocks dependent on the 
value of the divisor. This is because different divisor 
values will produce a divided clock whose edges are placed 
using different combinations of the clocks provided from 
5 the PLL. 

C.11.4 Testing the ClocJc Divider 

The Clock Divider may be tested by powering up the Chip 
with CHIPTEST High. This will have the effect of forcing 
all of the clocked logic in the Clock Divider to be clocked 
10 by sysclk, as opposed to, the clocks generated by the PLL. 

The Clock Divider has been designed with full scan and, 
thus, may subsequently be tested using standard JTAG 
access, as long as the Chip has been powered up as above. 

The functionality of the Clock Divider is NOT guaranteed 
15 if CHIPTEST is held High while the device is running in 
normal operation. 
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SECTION C. 12 Address Maps 

C.12.1 Top Level Address Map 

Motes : - 

lJThe register for the Top Level Address Map as set 
forth in Table C.ll.l are the names used during the 
design. They are not necessarily the names that will 
appear on the datasheet. 

2) Since this is a full address map, many of the 
locations listed here include locations for test only. 



REGISTER NAME 


Address 


Bits 


COMMENT 


5U_ EVENT 


0x0 


8 


Write 1 to reset i 


9U.MASK 


0x1 


e 


R/W 


SU.EN .INTERRUPTS 


0x2 


1 


RAV | 


3U_WA00fl_COO_ST0 


0x4 


2 


PAV | 

i 


| 3U_WAC0R_ACCESS 


0x5 


1 


RAV- access i 


j 5U_WA03R_CTU 


0x6 


3 


RAV ! 

f 


3U.0lSPA00fl.UNESjN.LAST.ROW0 


0x8 


3 


RAV ! 

t 


j 3U_0tSPACDR.UNESjN_UVST.ROWT 


0x9 


3 


RAV j 


! 3U.0lSPA00R_UNESjN_tAST.RGW2 


Oxa 


3 


RAV j 


3U_0tSPA0OR_ACCESS 


Oxb 


1 


RAV. access 


BU.OISPAOOR.CTLO 


Oxc 


8 


R/W j 


j 3U_CtSPA0DR.CTL1 


Oxd 


1 


RAV j 


BU.SM.ACCESS 


0x10 


1 


RAV. access 


BU_8M.CTLG 


0x1 1 


2 


RAV | 


SU.SM.TARGeTJX 


0x12 


4 


RAV j 


3U_BW.PRES.NUM 


0x13 


8 


RAV-a$yncftfonous 


9U_9M.THIS.PNUM 


0x14 


8 


RAV | 


! 3U.3M.PfC.NUM0 


0x1 S 


8 


RAV j 


' 5U.SM_PlC.NUMl 


0X16 


8 


RAV 1 


| 3u_3M.J=>lC.NUM2 


0xt7 


8 


RAV ; 


3U_3M.TEMP_R£r 


0x18 


S 


RO 



10 Table C.ll*l Top-Level Registers A Top Level Address Map 











j CC-V ME NT 


3U_AOORGEN_KEYHOL£. 


,ADOR_ 


vis a 


0x23 [ 1 


R/W- Aceress ;enera;cr 


3U.A00RGSN.KEYHOLH. 


,AOOR_ 


'.S3 


I 0x29 


a 


keycicie. See 


3U_AD0RGcN_KEYHCLH. 


.OATA 




0x2 a 


3 


"a&te 2 for corterrs 


j 3UJ7_PAGE_STAflT 






| 0x30 


5 


RAV 


! 3UJT_REA0_CYCLS 


0x31 


4 


R/W 


! 5U_iT_WR| »E_CYCIE 






J Cx32 


4 


I R/W 


j =UjT_R=rRESH_CYCLE 


0x33 " 


i * 


! PAV 


; 3Uj7_RAS_ r ALUNG 






j 0x34 


i * 


j PAV 


j =UJT w CAS_PALLING 






| 0x35 


4 


RAV 


3UJT.CCNFIG 


0x3S 


t 


rvYV J 
i 


BU.OC_ACCESS 


0x40 


t 


rvw- access . [ 


SU.OC.MOOE 


0x41 


j ? 

1 


H/W j 


3U_OC_2WIR£ 


0x42 


1 


R/W I 

I 


SU.OC.BOROER.R 


0x49 


8 


RAV j 

i 








0x4a 


8 


R/W 


j 3U_OC_30ROSR_B 


0x4b 


8 


RAV 


3U.OC_3UVNK_R 


0x4<j 


8 


R/W 


1 3U_OC_3LANK_G 


0x4fl 


8 


RAV 


i 3U_OC_ai>NK_3 


0x4f 


8 


RAV 


f 3U_OC_HDEU^Y_1 


0x50 


3 


RAV | 


| 3U_OC_H0ELAY_0 


0x51 


a ! 


RAV 

I 


j 3U.OC.WEST.1 


0x52 


3 


R/W 


3U_OC_WEST_0 


0x53 


8 


RAV j 


aU.OC.EAST.t 


0x54 


3 


RAV [ 


BU.OC.EASTJ) 


0x55 


8 


RAV | 


BU.OC.WtOTH.1 


0x56 


3 


RAV | 


8lLOC_W!OTH_0 


0x57 


3 


RAV j 


SLLOC_VOEUVY_1 


0x58 


3 


R/W ! 

i 


3U.OC_VD£LAY_0 


0x59 


8 


RAV i 


3U_OC_NORTH_1 


0x5a 


3 


RAV | 


3U_OC„NORTH„0 


0x50 


8 


RAV 


3U_OC.SOUTH.1 




t 


0x5c 


3 


RAV 


3U_OC_SOUTHJ) 




1 


0x5d | 


3 


R/W 


3U^OC_H£iGHT_1 




1 


0x5e | 


3 j 


RAV 


3U_OC_HEIGHT_0 


0x5 f 


8 


RAV ! 



Table . C. 11 .1 Top-Level Registers A Top 
Level Address Map (contd) 



b D 3 



1 


SHGISTHR name - J Address | Bits 


COMMENT 


BUJP^CONRGURC I 0,60 ) 5 | ^ = 

su.uv.mooe " nrr; — r- — \ ■ — . 

I 0x61 1 6 flAV.xnnntr.-n 


1 




fW/'SeeTasieC.:: 3 
for contents. 


1 S ^-COErr.KcYOATA 


0x53 j 3 




0x58 


» 


PAV 


| 3U_GA_3Y?ASS 


0x69 


1 


aw 


1 3U_GA.RAMQ.AQQR j 0*Sa j 3 | P ~ ~ 

j 3U.3A_RAM0.OATA [ 8 | ^ ■ 


3U_GA.RAM1.A0QR | Qx6c 


3 j RAV 


3U.GA_RAM1.QATA j 0x6(J " 

9U_GA.RaM2.aDOR ~ 


3 RAV ; 
! i 

8 1 RAV 


j 9U.GA.RAM2.DATA 


0x6/ 


8 I RAV i 


3U_OiVA_3 


0x70 


t 


RAV ] 


3U.OIVA.2 


0x7 1 


8 


{ 

RAV | 


| BU.QIVA.1 


0x72 


8 


RAV 


| 3U.OIVA.0 


0x73 


a 


j 

RAV j 


8U_0IVP_3 


0x74 


1 ( RAV 


3U.OIVP.2 


0x75 


3 | RAV 


3U.0IVP.1 


0x7$ 


8 1 RAV 


3U.DIVP.0 


0^77 | s 1 RAV i 


SU.PAO.CONFIG.1 


0x78 


7 1 RAV 


9U.PAD_CONFIG_0 


0x79 


8 


R/W 


BU.PLl.RSSiSTORS 


0x7a 


8 1 


rav ; 


BU_R £r_t NTERVAL 


0x7b 


8 j RAV | 


BU.REV1SION 


Oxtf 


8 RO- revision j 



They are unfikety to appear on tfie tfatasneeL 



BIL8M_PR£S_FIAG 


0x80 


1 


RAV 1 


| BU.BM.EXP.TR 


0x61 




These registers are j 
missing on rev A 


| 3U.3M_TR.0SL.TA 

• 


0x82 




! 3U.3M.ARRJX 


0x83 


2 


RAV 


j bu.sm.ospjx 


0x64 


2 


RAV 


j 3U.3M_R0Y.IX 


0x85 


2 


R/W 


3U.3M.3STATE3 


0x66 


2 


RAV 


9U.3M_aSTATE2 


0x87 


2 j fVW 



Table C.ll.l Top-Level Registers A Top Level 
Address Map (contd) 




| 3L'_CA_CCMP0_SNP2 
j =t<_CA_CCMPO_SNPf 



0x93 



1 5U_^A_CCM?1^SNP3 


| 0x94 


i 3 


J 2L'_OA_CCMPi^SNP2 


| 0x95 


i * 


! 3U^CA_CCMP1^5NP1 


0x96 




| 3t'_OA_CCMPt.SNP0 


0x97 


8 


| 3U_OA_CCMP2_SNP3 


0x98 




[ 2U.CA_CGMP2_SNP2 

r ■ 


0x99 


• 9 1 


| 3U_CA_CCMP2_SNP1 


0x9a 


3 


1 5U.0A.CCMP2 SNPO 

! — 


0x9b 


3 




OxaO 




| 3U_UV_RAM1A_AOOH_0 | 


Oxal 


8 1 

1 


' 3U_vJV_RAW1A.0ATA 


0xa2 


8 


3 U _U V.RAM 1 8.A00R, T 


Oxa4 j 


3 


3UJJV.RAM1B.AOOR.0 


0xa5 j 


8 



address generarrrs 
address cuirLt 



! 3U_UV_RAM1B.OATA 
j 3U.UV_RAM2A_AOOR_1 



R/w - up i tes; access .rre 



RAMs 



0xa6 



OxaS 



BU_UV_RAM2A_AODR_0 


0xa9 


3 


■ 


3U_UV_RAA42A_0ATA 


Oxaa 


8 


i 
1 


6U.UV_RAM2B_A00R.1 


Oxac | 


3 


f 


BU.UV.RAM29.A0OR_0 


Oxad 


8 




9UJJV_flAM2B_0ATA 


Oxaa j 


3 


i 
i 


=U.WA - AD0R,SNP2 


OxfcO I 


3 


RAV - snooper on tne wn:e t 


='--'VA_ACOR.SNPt 


Oxbt I 

i 


3 


i 

address generator aadress 

O/D. ! 


2U_WA_ACOR_SNP0 


0x02 | 

i 


3 

l 


='J_WA_rATA_SNPl 


0x54 j 


3 


R/W - snoooer cn cata 


3u_wa_c;ata_snpo 


0x65 j 


3 


outeut Ot VVA 



Level Address Map (contd) 
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Table C.ll.l Top-Level Registers A Top 
Level Address Map (contd) 

C.12*1 Address Generator Keyhole Space 

Motes on address generator keyhole table: 

1) A11 registers in the address generator keyhole 
take up 4 bytes of .address space regardless of 
their width. The missing addresses (0x00, 0x04 
etc.) will always read back zero. 

2) The access bit of the relevant block (dispaddr 
or waddrgen) must be set before accessing this 
keyhole . 
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Table C.ll.2 Top-Level RegistersA 
Address Generator Keyhole 



1 

1 

, Key.^cie -egrsre? Name 


j ' 

; Ad2r*SS 

1 


; 5.:s 


! 

Co.T.-reris 


| = : J_0!S?ACCR_3Ur?==G_3ASE.MSB 


j 2x01 


1 c 


* a ^ir 
> 0 «'? 


3U_OlSrADOR.3Urr.R0_ = ASE_MlO 




; a 

i 3 


t 

! register • 


3U OlSPAOOR 3UFr = -Q =A££ * ^3 

1 


JXU J 

1 


i 3 

i 

t 


j Musi &e 
loaded 


3U.0lSPA00R_3UFrSRl_3ASE_MSB 


0x05 


i 2 


Musi 5e 


3U_D!S?A00R_3UFrER I.3ASE.MI0 


! 0x06 


! 9 


Loaded 


| 3U_DIS?A00R_8UFrER1_3ASS_LS8 


0x07 


I a 




5U_0ISPADDR_3UFF=R2_3AS£_MS8 


0x09 


i 2 


Must da 


I 3U_DISPADCR_3UFrER2_3ASE_MlO 


0x0a 


1 8 


Loaded 


i 3U_OtS?AOCR_SUFrER2_3ASE_LSB 


CxOtJ 


! 3 




3U_DL0PATH_LJNE0_MS3 


OxCd 


i 2 


Test eniy 


| 3U.DLCPATH_UNE0.MIO 


OxOe 


'■ a 


j 


3U.OLDPATHJJNE0.L53 


CxCf 


1 3 1 


i 
f 


3U.0L0PATH.UNE1 .MSB 


0x11 


2 1 


Test cnly 


3U_DLGPATH.UNE1.MI0 


0x12 


» | 




3U.0L0PATH.UNE1.LSB 


Cxt3 


3 1 




3U_0L0PATH.LINE2.MS3 


0xt5 


2 j 


Test onfy j 


3U.OLOPATH.UNE2.MtO 


0xt6 


3 


t 
i 


3U.OLDPATH_UNE2.LSB | 


0x17 


3 


i 


3U_OLDPATH.V8CPrro.MS3 


0x19 


2 ! 


i 

test oniy j 


3U.OLDPATH.VBCNT0.MIO 


0x1a 


3 


i 

i 

i 


3U_DLDPATH.VBCNT0.LS3 j 


0x10 


3 1 




j 3U_DLCPATH.VBCNT1.MS3 I 


0x1d 


2 


Test cniy i 


: 3U.DLCPATH_V8CNTl.MtO j 


Oxle 


3 ! 




; 5U.CLDPATH_V3CNTl_LS3 j 


Cxlf 


3 j 




j 3U_DLDPATH.V8CNT2.MS3 j 


0x21 


2 | 


Test oriy 


i 3U_DLDPATH.V3CNT2.MI0 | 


0x22 


3 \ 




1 3U_0LDPATH.V3CNT2.LS3 | 


0x23 


3 1 
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Table c.11.2 Top-Level RegistersA 
Address Generator Keyhole 



1 

1 Keynote Register Name 

i 


Keyncie 
Access 


f 

i 3.ts 

t 


1 

1 

E Cc.T-rrer.ts 

f 

i 


; 3U_ClS?ACC = _CCM?0_CF=3c7_MS3 


f Cx25 


! 2 




: 5U CiSPAOCR CCMPO OFFSET MIO 
i ~ - 


j 0x25 


j 3 


! Leader 


, 3U_C!S?ADCR_CCMP0_CFFSET_LS3 


0x27 


h 




j 3U_C!S?ACCR_CCM?1_OFF3=7_MS3 


! 0x29 


t 2 


j Must ze 


! 3U_C!SPACCR_CCMP ! _OF=3"_MID 


j Cx2a 


j 3 


! Leader 


5U_0l3?ACCR.CCM=> ' .OFF 3£7_LS3 


0x25 


! a 


I 


; 3U_0lSPADCR.CCMP2_OFrS=7_MS3 


0x2d 


\^ 


| Must:* 


3U_OISPADOR_CCMP2.OFF5E7.MIO 


0x2e 


3 


Leaded 


3U_0fSPACCR_CCM?2_OFF3c7_L53 


0x2f 


3 




I 

3U.0tSPAOC3_CCMP0_V3S_.V1S3 


0x31 


l» 


| Must re 


! 3U 0ISPACCR COMP0 V3S MIO 


0x02 


1 3 


Loacec 


i 3U_0iS?ADCR_CCMP0_V8S_LS3 


0x03 


! 3 


1 

I 


| 3U_DISPA00R_CCMP1_VBS_MS3 


0x3S 


2 


Mus; 5e 


3U_0lSPAOOR_COMP 1 _V8S.MID 


0x36 


3 


Loaded j 


3U_0lS?ADCR_COMP 1 _V8S_LS3 


0*37 


3 




5U_OiS?ADDR_CCMP2_VBS_MSS 


0x39 


2 


Musi 5e 


3U_0ISPA0DR_C0MP2_VBS_MID 


0x3a 




t 

Leaded 


, 3U_0!SPAOOR_COMP2_V8S.LS8 


Qx3b 


3 


i 
j 


3U_AOCR.CCMP0_H9S.MSB 


0x3d 


2 


Must oe 


9U_ADDR_COMP0_HBS.MI0 


0x3e 


3 


Loaded 


BU_AD0R.COMP0_H3S.LS8 


0x3f 


3 


f 


SU_A00R_C0MPt_H8S_MS8 


0X41 


* 


Must De [ 


3U_AOOR_COMP1_H8S.MIO j 


0x42 


3 


r 

Loaded j 


3U_A00R_COMPi_HBS_LSB 


0x43 i 

f 


3 


i 


r 3u_A00R_C0MP2_Hes.Msa j 


0x45 


2 


Must Se ; 


3U_AOOR.COMP2.hSS.MIO | 


0x45 j 


9 


Loaded 


3U_A00R_CCMP2.H9S.LSB | 


0x47 | 8 




3U_0!S?A0OR_COMP0_HBS_MSS | 


0x49 


2 


Must se 


1 SU.0lSPADCR_COMP0.HBS.MtO 


0x4a | 


9 1 


Lcaced 


| 5U_OISPACCR_CCMPO.HSS_LS8 j 


Cx4t) I 


a ! 




5U.CISPACCR.COM? 1 _HSS.MSB | 


0x4d I 


2 ! 


Mus: se 


3U_C!SPACCR_CCMP!.HBS_MI0 


0x4« 


3 ! 


Loaded 


I 3U_CtSPAC0R.CCMPt_HBS_LS8 j Ox4f 


a I 
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Table C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyhcfe P easier Name 

J 


« A<:<jress 


3'ts 


1 

—Crrrrer'-S 


j 5U.C!S?A2CR.CCMP2_S5S_MS3 


i Cx5! 


f 2 


-us; ;e 


j SU_0lSPAC0R_CCMP2_-53_Mi0 


j CxS2 


! 3 


! «acec 


3U_C!5?ACDR_COMP2,H9S.LS8 


| 0x53 


i 3 


! 


8U_0ISPACCR_CMT_L£FT0.MSS 


J 0z55 


! 2 


I Tes: cr.sy 


! 2'j_D!Spacc:r_c.vt_le=to>i!0 




! > 


i 


| 3U_OlSPACOR.CNT,L£; r T0_LS3 


j 0x57 


' 3 


1 
i 


3U_DISPAOCR_CNT_LE?Tl_MS3 


| 0x59 


! 2 


Tes; cnty 


1 3U_0ISPA0DR.CNT_LE=T1_MI0 


j 0x5a 


»» 




3U.DISPA0DR_CNT_LSFT1.LS3 


j 0x5 b 


1 3 


! 


au.DiSPAO0R_CNT_LE=T2_MSS 


Cx5d 


| 2 


• «es; cnty 


3U_OiSPAOOR.CNT_lEFT2_MlO 


0x5e 


! 3 
1 3 


| 
i 


| 3U_C!S?A0CR_CNT_L£rT2_LS3 


1 OxSf 


! 3 


( 


3U_0IS?ACCR.PAGE_ADDR0_MS3 


j 0x6 1 


i 2 


j 'SSI cnty i 


j BU_CiSPADOR_PAGE_AOOR0_MtO 


j 0x62 


t a 
t 3 




3U_DIS?A00R_PAGE_A00R0_LS3 


j 0x63 


i 3 


1 i 


3U_0lS?ACOR_PAGE_ADDR1_MS3 


0x65 


! 2 


j Tes; =n,y . 


3U_0lS?A00R_PAGE_A0DR 1.MID 


0x66 


i a 


! 


3U_DISPACOR_PAGE_AODRl_LS3 


0x67 


! 3 


I : 


3U_0IS?A0OR_PAG£_A00R2_MS3 


0x59 


i 2 


| Tes; onry j 


BU_DiSPAOOR_PAGE.AODR2.MIO 


0x6a 


h 


1 


BU.0ISPA00R.PAGE_A00R2.LS8 


0x6t> 


1 3 


1 


BU_OISPADDR.BLOCK_A00R0_MS3 


0x6d 


!* 


Tes; zrv f 


3U.DISPA00R.8LOCK.AOOR0.MIO 


0x5e 


! 3 


• 


3U_0tSPA0OR.8LOCK.AO0R0_LSB 


0x6f 


! 3 




i 8U.0ISPA0OR.BLOCK.AD0R1.MS3 


0x71 


1 2 ! 


Test cnty 


8U.OISPAOOR.3LOCK.ADOR1.MIO 


0x72 


1 3 




3U_OISPAOOR.8LOCK.AOOR1.LS3 | 


0x73 






[ 3U.OISPAOOR_3LOCK_AOOR2.MS3 | 


0x75 


: 2 i 


Test zr.:y 


: 3U_0tSPAC0R.3LOCK_AO0R2_MID 


0x76 


l 3 i 




3U.CIS?ADOR_3LOCK_ADOR2.LS3 


0x77 


i 3 ! 




3U_3ISPAOOR_9LOCKS_L£=TO_MS3 1 


0x79 


! 2 1 


Tes; > 


3U_DiS?AODR_3LOCKS_LEFT0.MiO j 


0x7a 


1 3 




3U_C1S?AOCR_SLOCKS.L£FTO.LS3 1 


0x7b 


3- ! 
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Table C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keynote Register Name 


Keyhole 
Address 


j 

i 

3-U ! 

t 


i 
t 

i 
i 


5u_0iS?AC0R_3LOCi<5_LE=7l _MS3 


UX/g 1 
r 


4 I 


"est cr.t { j 


3U_CiSPAC0R_3tOCKSJ,==Tl_MlO 


ox/ e j 


a i 

3 i 


i 
I 


5U_0lS?A00R_3LOCKSJ-ErT1 J.S3 


UX/ i 


a 


t 


9U_OlSPADCR_3UOCKS.LErT2.MS3 


UXO 1 


i 


i8S» Only 

1 


BU_CtS s ACDR_3LOCKSJ-E?72_MlO 


0x32 


3 




! 3U C:S?A0CR 3LOCKS_L=rT2_LS3 


0x63 | 


3 1 




j 3u_WA0OR.3UF?=r.0.3ASS_MS3 


0x85 


2 


Must re j 


3U_WACOR_3UrrcR0_3ASE_MlO 


0x86 


3 


Loaded | 


3U_WAOOR_3UFFHR0.9ASc.LS3 


t 

0x87 j 


8 


i 


| 3U_WACDR_3UFF3R1_3AS£_MS3 


0x89 


2 


! 

Must 3e 1 


! 3U WACOR 3UFFHR1 3ASS_MlD 


Ox 8a 


8 


Loaded 


j 3*J.WAGCR.3UPr=Rl_SASE_LS3 


0x8b 






9U_WAC0R_3UrFER2.3ASc.MS3 


0x8d 


2 


Mus; re ! 

t 


3U_vvAC0R.3UFrER2_9ASE.Ml0 


0x8* 


a 


; 

Loaded i 

t 


3U.WA00R_3UFrER2_3ASS.LS3 


0x8f 


a 


t 
» 


3U_WA00R_COMP0_MMSA00R_MS3 


OxSI 


2 


•est only 1 

1 


B'J.WAOOR.COMPO.HMBADOR.MIO 


0x92 


a 


i 


3 U _W ACOR.COMP0_HM8AOOR.LSB 


0x93 


1 » 


[ 
i 


5U.WA00R.COMP 1 .HM8A0 OR.MSB 


0x95 


2 


Test onty j 


3U_WADDR_C0MP1_HM6A00R_Ml0 


0x96 


8 


| 


3U.WA00R.COMP 1 _HM8A00R.LS3 


0x97 


3 


j 


3U.WA00R_COMP2.HMBAD0R_MSS 


0x99 


2 


I Testcnty 

! 


3U.WA00R_COMP2.HM8A00R.Ml0 


0x9a 


8 


1 


! 3U_WA00R_COMP2.HMBA00R_LS8 


0x9b 


1 8 


i 


3U WADDR.COMP0_VMBADOR.MS3 


Ox9d 


| 2 


j Test only j 


3U_WACOR_CCMP0_VMBA0OR_MlO 


Ox9e 


1 




3U WADOR COMP0.VMBA0ORJ-S3 


0x9f 


h 


! ; 


SU.WACDR.COMPI.VMBAOOR.MSB 


0X3 1 


1 2 


| i est cr.:y 


i 9U.WAD0R.CCMPl_VMBA00R.MrO 


Oxa2 


s 


i 

i 


3U WACDR.COMP1_VMBA00R.LS3 


0xa3 


3 


1 


j 3U.WA0CR.C0MP2.VMBA00R.MS3 


0xa5 


i 2 


j Tes; cr.iy 


i 3U WADOR C0MP2.VMBA00R_MI0 


0xa6 


l« 


1 


i : z . — 

i 3U WADOR COMP2.VM8A00R.LS3 


0xa7 


1 »- 


i 
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Table C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyhole Register Name 


Keyho:e J 

i 

- Address 


3tt5 


j 

Corr.merts \ 


3U_WAGCfl_VBACCR_MS3 


Qxa9 


2 


Test zr.iy i 


3U_WAOOfl.VBA00R.MlO 


Oxaa 

i 


3 


1 


9U_WAOCR.VBA0Ofl.LSa 


Oxao 


3 


1 


3U WA00fl_COMP0_HALF_WlOTHJN.8LOCKS.MS8 


Oxad 


2 


Must be t 

1 


3U WAOCfl.CCMPO HALF.W!0TH.IN_3L0CKS_MI0 


Oxae 


3 


! 

uoacsc 


m i wAfir.p rrnutpn hal p width in 3lock^ L5a 


Oxaf 


8 




aii winna rnuoi mai p width in m nrx? jw^r 


Cxb 1 


2 


Musi - e \ 






o 

9 


Loaded j 


3U.WA0DR.C0MP 1 _H ALF_WIDTH JN_BLOCK5_L5o 


0xt3 


3 


: 


3U_WAC0R_C0MP2_HALF_WIDTHJN_SLOCK5_M59 


0xb5 


2 


Must oe : 


3U_WAOOR_COMP2_HALF.W10THJN_8LOCKS_MtO 


0xb6 | 


3 


i 

Leaded ! 


3U.WADOR.COMP2.HALF_WIOTHJN.9LOCKS.LS8 


0xb7 


3 


* 


3U_WAD0R.h8.MS3 


0xb9 


2 


Test only j 


3U_WA00R.hB.MI0 


Oxoa 


8 


i 
[ 


3U.WA00R.H8.LS8 


Oxbb 


a 


! 

i 


3U_WAOOR.COMP0.OFFSET.MS3 


Oxbd I 2 


Must oe 


3U_WAOOR.COMPO.OFFSCT.M10 


Oxoe 


3 


Loaded ! 


3U.WAO0R_COMP0.OFFSET.LS3 


Ox&f 


8 


• 


3U.WA00R.COMP 1 .OFFSET.MSB 


Oxcl 


2 


Must De ! 

( 


8U.WA00R.COMP1.OFFSCT.MI0 


0xc2 


8 


[ 

Loaded t 


BU.WA00R.COMP 1 .OFFSET J-5B 


| 0xc3 




I 
t 


8U.WA 00R.COM P2.0FFS CT.MSB 


0xc5 


2 


Must be ♦ 


3U.W A00R.COMP2.OFFSCT.MI 0 


OxcS 


8 


Loaded j 


BU_WA00fl.COMP2.OFFSET_LS8 


j 0xc7 


8 




3U.WA00R.SCRATCH.MSB 


| 0xc9 


2 


Test only J 




Oxca 


1 9 


i 


3U.WAD0R_SCRATCH.LSB 


| Oxco 


i 8 


! i 


3U_WA0DR.MBS.WI0E.MSB 


Oxcd 


2 


Must oe 


3U_WAD0R.MBS.W10E.MI0 


| Oxca 


3 


Leaded 


3U.WAC0fl.MSS.WIDE.LS8 


Oxcf 


1 a 




3U.WAO0R.MBS.H1GH.MSB 


| Oxdl 


I 2 


j Must ce 


j 3U_WAD0A_MBS_HIGH_M10 


j 0xC2 


i a 


j Loaded 


3U.WACDR.MSS.HIGH.LSB 


0xd3 


! 8 . 
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Table c.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keynoie Register Name 


Keyr,ol« 
. Ad.fftSS 


3iLs 

! 


Ccfrr*er*_j 


5U_WACOR_CCMP0_LAST_MS JN.RCW_MS3 


QxdS 


I 2 




SU_WACCR_CCMPQ_LAST.M8JN.RCW.MI0 


Oxd6 


3 


| Leasee 


3U WACOR CCMPO LAST MB IN ROW IS 3 
- - — 


0xd7 


a 




■ 3U_WACCR_CCMP 1 .LAST.MB.:n_RCW_MS8 


Qxd9 


2 


Muss 


3U_WAOOR_COMP1_UVST_M3JN.RCW.MtO 


Oxda 


a 


Loadec 


3U_WACCR_CCMP1_LAST_MBJN_R0W_LS3 


Oxdb 


3 




3U_WACCR_CCMP2_LAST_MBJN.ROW.MS8 


Oxdd 


2 


Mus: re j 

r 


3U_WAOOR_CCMP2_LAST_MB.IN.ROW.MIO 


Oxda 


8 


Loacsd 1 


BU_WAODR_CCMP2.LAST.MBJN.RCW.LS8 


Oxdf 


8 


i 


3UJ//ACCR_CCMPO_LAST_M3JN_HALF.ROW.MS8 


Oxel 


2 


i Mus; ;e 


SU_WA00R_CCMP0.LAST.MB_fN.HALF_ROW.MrO 


0xe2 


8 


Lcadsd 


3U_WACCR_CCMPO_LAST_MBJN_HALF_ROW_LSB 


0xe3 


8 




3U_WA0DR_C0MP1_LAST_M8.IN_HALF.R0W.MS8 


Ox.5 


2 


Mus! 5e ! 


BU_WACOR.COMP1_LAST_MB_IN.HALr_ROW.MlO 


0xe6 


8 


Loac&d | 


3U_WA00R_COMP1.LAST.MBJN.HALf*.ROW.LS8 


0xa7 


3 




SU_WA0CR_CCMP2_LAST_MBJN_HALr_ROW_MS8 


0xe9 


2 


Mus; 29 j 

i 


3U - WACOR_COMP2_LAST_M8JN_HALF_ROW.MIO 


Oxea 


8 




SU_WA00R.C0MP2.LAST.MBJN.HALP_R0W.LSB 


Oxeb 


8 

I 




3U_WAC0R_COMP0_LAST_ROW_IN_MB_MS8 


Oxed 


2 


Mus; | 


BU_WA0OR_COMP0_LAST.ROWJN_MB_M1D 


Ox«« 


8 


Load&d 1 


8U_WAOOR_COMP0.LAST.ROWJN_M8.LSS 


Oxef 


8 I 


r 


8U.WACOR_COMP1.LAST.ROWJN_MB_MSB 


Oxtt 


2 


Mus; te 


3U_WA0GR_COMP1_LAST.ROWJN_MB.MI0 


0xf2 


8 


Loaceo ( 


8U.WA00R.C0MP 1 _LAST_R0W.IN_M8.LSB 


0xt3 


8 


t 


3U.WAOOR_COMP2.LAST_ROW.IN.MB.MS3 


OxfS 


2 


Mus; I 


3U_WAODR_COMP2.LAST.ROWJN_MB_MlO 


0xf6 


S 


Lcaced 


3U.WACCR_COMP2.LAST.ROWJN_M8_LS3 


0xf7 


8 I 




3U_WADCR_COMP0_3LOCKS_ 3 ER.MB.ROW.MS8 


0xt9 


2 


Mus: 


3U.WACOR_CCMP0_3LOCKS_P£R_M8.ROW_MIO 


Oxfa 


8 | 


Loaded 


| 3U_WACOR_COMP0_3LOCKS_P£R_M8.ROW.LS8 


Oxtb 


8 




1 3U_WA0DR_C0MP1.3L0CKS_PER_M8.ROW.MS8 


Oxfd 


2 | 


MuSI 35 


| 3U.WACOR_COMP1.3LOCKS.PER_MB_ROW.M10 


Oxfe 


3 


Loaced 


3U_WACCR.C0MP 1 _3LOCKS.?ER_M8.ROW_LSS 


Oxtf 


8 I 
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Table c.ii.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyhcie Register Name 


Keynote 
"Address 




! ; 

I i 


1 3U_WACCR.CCMP2_5LCCKS.?£H_M8_ROW. 


.MS3 


j CxIOl 


1 2 

t 


' w_s; :e ' 


; 3U_WACCR_COMP2_SLOCKS_PER_M9_ROW. 


.MIO 


| 0x102 


8 




3U_WACCR_COMP2_3LOCKS_PSR.M9_RCW.LS3 


j 0x103 


3 


; j 


! 3U_WAC0R_CCMP0J_AST_MB_RCW_MS3 




| 0x105 


2 


| Muss _e [ 


: 3U_WACDR_COMP0_LAST_M8_RCW_MfO 


0x105 


3 


! 

f Loaded j 


, 3U_WAC0R_COMP0_LAS7_MB_ROW_LS3 




| 0x107 


3 


) t 


; 3U_WADCR_COMPt_LAS7_M8.ROW_MS8 


Cxi 09 


2 


| Wus: 




| 3U.WACOR.COMP 1 _LAST_M8_ROW_M10 


CxtOa 


1 3 


Loaced 




3U.WA0CR.COMP 1 _LAST_M8_ROW_lS3 


Ox 10b 






\ 3U_WACCR_COMP2_LAST_MB_ROW_MS3 


OxtOcJ 


2 


! Wustce ■ 


1 3U_WACOR_CCMP2_LAST.M8_ROW.MID 


OxIOe 


3 


i 

Loaded | 


j 3LV*VACCR_CCMP2_LAST_MS_RCW_LS3 


Cxi or 


8 


i 


j 3U_WAOCR_COMP0_HBS_MSB 




0x111 


2 1 


Must 0* | 


| 3U_WA0CR_COMP0_HBS_MJO 


| 0x112 j 


3 


1 

Loaded 


j 5U_.WACDR_COMP0_H8S_LS3 


1 


0x113 


a i 


i 


j 3U_WACOR.COMP1_HBS.MS8 


1 
1 


OxtlS | 




Must oe * 

f 


J 3U_WAOOR_COMP1_HSS_MIO 


0xt16 | 


8 i 


Loader j 


j 3UJWACDR.COMP1_HBS.LS3 


0x117 




i 
1 


| 3U_WACCR.COMP2.HBS.MS8 


0x119 


2 j 


Musi oe j 


j 3U_WAOOR.COMP2.HBS.MIO 


Oxna j 


a ! 


Loaded j 


| 3U_WADOR_COMP2.HBS.LSB 


Oxllfc | 


a : 


i 


9U.WA00R COMPO MAXH8 


1 


Oxilf j 


2 ! 


Must oe j 


3U .WACOR.COMP 1 .MAXH8 


I 


0x123 


2 I 


Loaded 


3U.WA00R.COMP2.MAXHB 


0x127 


2 1 


i 


3 U . W A DDR.C OM PO_M AX V8 


Cxl2o 1 

t 


2 1 


Must re 


3U_WACDR_C0MP1_MAXV8 


i 


Cxl2f 


2 i 


Loaded i 


3U.WACDR_COMP2.MAXV3 


i 


Cxl33 


2 i 





.3 Horizontal Upsarapler and Color Space Converter 
Keyhole* • 
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le C.ll.3 H-Upsamplers and Cspace Keyhole Address Map 



Keyticie Register 
Name 


Keyhole 
Address 


Bits 


Comment 


3UJJH0.AC0J 


0x0 


5 


RAV- Coeff 0.0 


3U.UHC.A00.0 


0x1 


a 




BUJJH0_A01 J 


0x2 


5 


RAV- Coeff 0.1 


3LLUH0_A01_0 


0x3 | 3 


3U_UH0_A02_t 


0x4 


5 


PAV- Coeff 0,2 


8U UHfl AG2 0 


0x5 


8 


at i t tun Afii i 


0x6 


S 


RAV- Coeff 0.0 




0x7 


8 




0x8 


5 


RAV> Coeff 1,0 


at i i turn Airt n 


0x9 


8 


fill 1 IL^/^ 4 •< •» 


Oxa 


5 


RAV- Coeff 1.1 


fit t 1 1 L J A I • 

BU_UHU_A i T_0 


Oxo 


8 


BU_UH0_A12_1 


Oxc 


5 


RAV. Coeff 1.2 


BU_UH0,At2_0 


Oxd 


8 


3UJJH0_A13_1 


Oxe 


5 


RAV- Coeff 1 .3 


BUJ-IHO^AtS^O 


Oxf 


8 


8U_UHQ_A20_t 


0x10 


5 


RAV* Coeff 2.0 


BU_UH0_A20_g 


0x11 


8 


SLLUH0_A2 1_1 


0x12 


5 


RAV- Coeff 2, 1 


SU_UH0_A21_0 


0x13 


8 


SLLUH0_A22_1 


0x14 


5 


RAV- Coeff 2.2 


fill 1 rt 


0x1 5 


8 


8U_UHC_A23_1 


0x16 


5 


RAV- Coeff 2.3 




0x17 


8 


BU.UHO.MODE 


0x13 


2 


RAV 


BU_UH1_A00_! 


0x20 


5 


RAV- Coeff 0.0 


SU.UH1.AOO.0 


0x2 1 


8 


3UJJH1 JMJ1 J 


0x22 


5 


RAV. Coeff 0.1 


BUJJH1_A01_0 


0x23 


8 


3U.UH1.A02.1 


0x24 


5 


RAV- Coeff 0,2 


BU.UHJ_A02J) j 0x25 


a 


3U.UH1.A03.1 | 0x26 


5 


RAV- Coeff 0.0 


BUJJH1.A03J5 0x27 


8 
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-Upsamplera and Cspace Keyhole Addregs Hap 



Keyrc* Register 


Keynote 
Address 


3*is ! Comment 

! ! 


3UJJr!_Al0.1 | 0x23 


5 


RAV- Coeff t.O 

j 


3UJJnl_A10J) 


0x29 


6 


3'J-JHt_A11_t 


Cx2a 


5 


RAV. Coeff t.t 1 


3Lf_UHt_A1 1 J3 


0x2b 


3 


! 


3UJJH1.A12 J 


0x2c 


s 


RAV- Cceff :.2 ■ 


3U a; 2 0 


Cx2d 


a 




0x2e 


5 


rav- Coeff 




Cx2f 


a 


! 


3L. Jrl 1 _A2U_I 


oxyo 


e 
3 


RAV. Coeff 2.0 i 

! 


rU.UM! _A20_Q 


0X3 1 


a 

9 


ai i i < lj t * ^ « * 
dUJvH I _A^i I _ I 


0X3Z 


c 


RAV- Coeff 2.1 j 
1 


SUjJHi „A2 


0X33 


a 

Q 


SU_UH 1 _A22_1 


0x34 




RAV* Coeff 2.2 i 

1 
i 


9U_UHI_A22_0 


0x35 


a 


3U_UH1_A23_1 


0x36 


5 


R/W* Coeff 2.3 | 

* 

t 


3U_UH 1 _A23_0 


0x37 


8 


SU.UH1.MO0E 


0x38 


2 


RAV | 


BU.UH2.A00.1 


0x40 


3 


rwv- i^oen u, j 


3U.UH2.A00.0 


0X4 1 


a 

9 


SU_UH2_A01_t 


0x42 


C 
3 


rvTT" wovii vj, \ | 

1 
t 


3U_UH2.A0t.0 


0x43 


8 


BUJJH2.A02J 


0X44 


5 




8U.UH2.A02.0 


0x45 


8 


3U.UH2.A03.1 


0x46 


5 


?VW- Coeff 0.0 j 

1 

l 


3U.UH2.A03.0 


0x47 


8 


BU.UH2.A10.1 


0x43 


5 


RAV. Coeff 1.0 J 


3U_'JH2_A10_0 | 0x49 


8 


3UJJH2.AU J 


0x4a 


5 


a\V- Coeff 1.1 j 

i 




0x4b 


8 


3UJJH2_A12_1 


0x4c j 5 


rVW- Coeff 1.2 , 


3UJJH2.At2 - 0 | Cx4<J 


3 


3UJJH2.A13.1 


CX4« 


5 


RAV* Coeff i.3 : 

i 
i 


SUJJM2.A13.0 i Cx4f 


8 



667 



Table C.il.3 H-Upsamplers and Cspace Keyhole Address Map 



Keynole Register 
Name 


Keyhole 
Address 


Sits | Comment 

j : 


3U UH2.A20J 


Cx50 




-AV- Co«tf 2.0 J 

j 

i 


: 3U.UH2.A20.0 


0x51 


a ; 


9UJJF2_A21_l 0x52 


5 I 


RAV- Coetf2.l j 

i 
1 


3UJJH2_A2t_Q j 0x53 


a I 


3UJJH2.A22J j CxS-i 


5 


RAV- Coett 2.2 j 


3UJJH2.A22.0 ) 0x55 


1 

3 i 


! 


3UJJH2.A23J 


0x56 


5 


PAV-Coeff2.3 j 


3UJJH2_A23J5 j 0x57 


» ! 


t 
i 


3U.UH2.MO0c 


oxsa 


2 | PAV ) 


au.cs.Aooj 


0x60 | 


5 


i 

RAV 


3U.CS.AC0.0 


0x61 


a 


3U.CS_A\0„1 


0x62 


5 | 


RAV 


3U.CS_A10„0 


0x63 


8 




9U.CS.A20J 


0x64 


5 I 


PAV 


aU_CS.A20_Q 


0x65 


3 




su.cs.soj 


0x66 


• 


PAV j 

i 

r 


au.cs.Boj) 


0x67 


3 


8U.CS_A01_t 


0x68 


5 


RAV i 

| 


au.cs.Ao?_o 


0x69 


8 


BU.CS.Atl.l 


0x6 a 


5 


RAV | 

! 


BU.CS.AMJ) 


0x66 


8 


8U_CS_A21_t | 0x6c 


5 


PAV 


8U.CS.A21.0 


0x6d 




BU.CS.B1.1 j 0x6« 


6 




BU.CS.BlJ5 | 0x6f 


8 


1 


BU.CS.A02_1 


'0x70 


5 


R/YV 1 


BU.CSJWtt.O 


0x7 1 


* i ! 


BU.CS.A12.1 


0x72 


| 5 j ft V/ i 


3U CS^A12.0 | 0x73 j 3 i 


3U.CS.A22.1 0x74 | 5 I PAV 


3U.CS.A22.0 


0x75 


8 i 


3U.CS.32- 1 


0x75 


6 | PAV 


3U_CS_32.0 


0x77 | 3 | 
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SECTION C.13 Picture Size Parameters 

C . 13 . 1 Introduction 

The following stylized code fragments illustrate the 
processing necessary to respond to picture size interrupts 
5 from the write address generator. Mote that the picture 
size parameters can be changed "on-the-f ly ,f by sending 
combinations of H0RIZ0NTALJ4BS , VERTICAL_MBS , and 
DEFIN£_SAMPLING (for each component) tokens, resulting in 
write address generator interrupts. These tokens may 

10 arrive in any order and, in general, any one should 
necessitate the re-calculation of all of the picture size 
parameters. At setup time, however, it would be more 
efficient to detect the arrival of all of the events before 
performing any calculations. 

15 It is possible to write specific values into the picture 

size parameter registers at setup and, therefore, to not 
rely on interrupt processing in response to tokens. For 
this reason, the appropriate register values for SIF 
pictures are also given. 

20 C.13.2 Interrupt Processing for Picture Size Parameters 

There are five picture size events, and the primary 
response of each is given below: 
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if C-r.i:s_ever.t; 

loadtnbs.videl . 
else if < vrrjos.ever.c) 

load (sis . 
else if <d«£_sa.T?0_ev«ncl 
{ 

load (niaxhisi;: ) ; 
load (rr.axvb(C; ! ; 

) 

else if (def.saLTpl.evenc) 

{ 

load {nsAxhbtlll; 
load csaxvbti;); 

1 

else if f def_sa.T^2_ever.t ) 

t 

load ir^x^^{2) ) : 
load (xaxvb 1 ) : 

} 



In addition, the following calculations are necessary to 
retain consistent picture size parameters: 

if (hris.even: | | vrrbs^ever.t j | 

def_sarrpO_evenc| [def_sa.-5pl_ever.cj | def_sa-p2_ever.t/ 

for £i*0: i<--ax^co-pcr.er.t ; i— * ) 

{ 

r ±sU) * addrjibsti! * ( r<axhb { i I * 1 ) • aRts.wida; 
r.aif.widrh.i.n.Mccks(i] * ({rnaxhbCiWI • ris.viit! /: . 
lasc_:rJ3_in_rov(i] - h£s(il - [»ax» t *U : 
las-.n-i.ir.^.alf.rcwix! * hal f.widch.in.bleeXs U : " 

lasclrew.ia.50ti] « hbsji] * taaxvblil: 
bloc*s_p«r_pb_rovUl » l*sc_row„ia.«&Ci1 * 
lasc.nia.rowti? • bleeps jer.^.rowli] • - r - s - W -*"" *' ' 
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Although it is not strictly necessary to modify the 
dispaddr register values (such as the display window size) 
in response to picture size interrupts, this may be 
desirable depending on the application requirements. 
5 C.13.3 Register Values for SIT Pictures 

The values contained in all the picture size registers 
after the above interrupt processing for an SIF, 4:2:0 
stream will be as follows: 
C . 13 • 3 • 1 Primary Values 

3U_WADCR_MBS.W!DE 55 0x16 
5U_VVADDR.MBS.HIGH = 0x12 
EU.WAOOR.COMPO.MAXHB = 0x01 
5U JWADDR_COMP1_MAXHB - 0x00 
3U_WADQR.COMP2.MAXHB - 0x00 
3U_WADDfl_COMP0_MAXVB = 0x01 
3U_WADDR_COMP1_MAXVB - 0x00 
BU.WADDR.COMP2.MAXV8 = 0x00 

10 c.13.3.2 Secondary Values - After Calculation 

3U_WADDR.COMP0.HBS - 0x2C 
BU_WAD0R.COMP1 .HBS = 0x16 
3U_WADDR.COMP2.H3S = 0x16 
3U_ADDR.COMP0.H3S = 0x2C 
BU_.ADDfl.COMP1.HBS - 0x16 
3U.ADDR_COMP2.H3S - 0x1 6 

3U.WADDR.COMP0_HALF_WiDTHJN.3LOCK3 = Cx:5 
3U_WADDR_COMP1.HALF_WlDTHJN_Bl.OCKS = CxC3 
3U.WADDR.COMP2_HALF_WIDTH_!N.BLOCKS = 0x03 
3U_WADDR_COMP0_LAST_MBJN_ROW = 0x2A 
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BU_WADDR_C0MP1.LAST.M8JN.R0W = 0x15 
BU_WADDR_COMP2_LAST_MBJN_ROW = 0x1 S 
BU.WADDR_COMP0_LAST_MB_IN.HALF.ROW = 0x14 
BU.WADDR_COMP1_LAST.MBJN.KALF.ROW - OxOA 
BU_WADDR_C0MP2_LAST_MBJN_HALF_R0W = OxOA 
BU_WADDR.COMP0_LAST.ROW.IN.MB = Ox2C 
BU.WADDR.C0MP1_LAST.R0W.IN.MB = 0x0 
BU_WADDR_COMP2_LAST_ROW_lN_MB = 0x0 
BU_WADDR_COMP0_8LOCKS_PER_MB_ROW = 0x58 
BU.WADDR_COMP1_BLOCKS_PER_MB.ROW - 0x16 
BU_WADDR_COMP2_BLOCKS_PER_MB_ROW = 0x16 
BU_WADDR_COMP0_LAST_MB_ROW = 0x5D8 
BU_WAODR_COMP1_LAST.MB_ROW = 0x176 
BU WADDR COMP2 LAST.MB.ROW = 0x176 



Note that if these values are to be written explicitly 
at setup, account must be taken of the multi-byte nature of 
most of the locations. 

Note that additional Figures, which are self explanatory 
to those of ordinary skill in the art, are included with 
this application for providing further insight into the 
detailed structure and operation of the environment in 
which the present invention is intended to function. 
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The af oredescribed pipeline system of the present 
invention satisfies a long existing need for an improved 
system having an input, an output and a plurality of 
processing stages between the input and the output, the 
5 plurality of processing stages being interconnected by a 
two-wire interface for conveyance of tokens along the 
pipeline, and control and/or DATA tokens in the form of 
universal adaptation units for interfacing with all of the 
processing stages in the pipeline and interacting with 

10 selected stages in the pipeline for control data and/or 
combined control-data functions among the processing 
stages, so that the processing stages in the pipeline* are 
afforded enhanced flexibility in configuration and 
processing. In accordance with the invention, the 

15 processing stages may be configurable in response to 
recognition of at least one token. One of the processing 
stages may be a Start Code Detector which receives the 
input and generates and/ or converts the tokens* 

The present invention also relates to an improved 

20 pipeline system having a spatial decoder system for video 
data including a Huffman decoder, an index to data and an 
arithmetic logic unit, and a microcode ROM having separate 
stored programs for each of a plurality of different 
picture compression/decompression standards, such programs 

25 being selectable by a token, whereby processing for a 
plurality of different picture standards is facilitated. 
The present invention may also include tokens in the form 
of a PICTURE_START code token for indicating that the 
start of a picture will follow in the subsequent DATA 

3 0 token, a PI CTURE_END token for indicating the end of an 
individual picture, a FLUSH token for clearing buffers and 
resetting the system, and a CODING_STANDARD token for 
conditioning the system for processing in a selected one 
of a plurality of picture compression/decompression 

35 standards. The present invention also relates to an 
improved pipeline system for decoding video data and 
having a Huffman decoder, an index to data (ITOD) stage, 



673 

an arithmetic logic unit (ALU) , and a data buffering means 
immediately following the system, whereby time spread for 
video pictures of varying data size can be controlled. 
Also in accordance with the invention, a processing stage 
receives the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby the 
processing stage facilitates random access and error 
recovery. The invention may also include a means for 
performing a stop-after-picture operation for achieving a 
clear end to picture data decoding, for indicating the end 
of a picture, and for clearing the pipeline. 

The improved pipeline system may also include a fixed 
size, fixed width buffer, and means for padding the buffer 
to pass an arbitrary number of bits through the buffer. 
The present invention also relates to a data stream 
including run length code, and an inverse modeller means 
active upon the data stream from a token for expanding out 
the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The invention also includes an inverse 
modeller stage , an inverse discrete cosine transform 
stage, and a processing stage, positioned between the 
inverse modeller stage and the inverse discrete cosine 
transform stage, responsive to a token table for 
processing data. 

In addition, the present invention relates to an 
improved pipeline system having a Huffman decoder for 
decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were 
coded, means for receiving the Huffman coded data words, 
means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, if necessary, in response to reading the identifier 
that identifies the Huffman coded data words as H.2 61 or 
MPEG Huffman coded, means operably connected to the 
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Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means, means for operating a lookup table containing a 
Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output 
that is a decoded data word corresponding to the index 
number * 

The improved system includes a multi-standard video 
decompression apparatus having a plurality of stages 
interconnected by a two-wire interface arranged as a 
pipeline processing machine* Control tokens and DATA 
Tokens pass over the single two-wire interface for 
carrying both control and data in token format. A token 
decode circuit is positioned in certain of the stages for 
recognizing certain of the tokens as control tokens 
pertinent to that stage and for passing unrecognized 
control tokens along the pipeline. Reconfiguration 
processing circuits are positioned in selected stages and 
are responsive to a recognized control token for 
reconfiguring such stage to handle an identified DATA 
Token. A wide variety of unique supporting subsystem 
circuitry and processing techniques are disclosed for 
implementing the system. , 

It will be apparent from the foregoing that, while 
particular forms of the invention have been illustrated 
and described, various modification can be made without 
departing from the spirit and scope of the invention. 
Accordingly, it is not intended that the invention be 
limited, except as by the appended claims. 



